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Acute Response of Murine Melanoma to ACTH and Corticosterone. Joel Abramo-
witz, Walter Chavin, Wayne State, Detroit, MI
The action ofACTH and corticosterone hemisuccinate (B) alone and in combination were determined in B-
16, S-91 and Harding-Passey (HP) melanomas in vitro. Hormone treated melanoma dice (5-240 min) were
analyzed for tyrosinase activity (TA), peroxidase activity, cAMP and cGMP. Peroxidase activity was not
altered by any treatment. ACTH elevated cAMP in all tumors(500-2000%o control). However, these increases
in cAMP were not accompanied by similar increases in TA (135-149% control). B depressed cAMP levels in
B-16 and S-91 but elevated HP cAMP. B depressed B-16 TA, stimulated S-91 TA and produced a triphasic
response in HP TA. ACTH+B produced similarcAMP responses in all 3 tumors; anearly peak followed bya
return to control levels. ACTH+B stimulated TA in all 3 tumors coincident with the early cAMP peak
followed by a drop in TA. B-16 TA remained depressed while S-91 and HP TA were subsequently stimulated.
cGMP levels were not altered in B-16 or S-91 by any hormone treatment; HP cGMP changes followed
alterations in HP cAMP.
ACTH and B alter melanoma TA. However, cAMP is not the sole modulator ofTA as TAchanges are not
always correlated with changes in cAMP. The similarities and the differences in TA and cyclic nucleotide
responses to these hormones suggest the possible interaction of ACTH, B and cyclic nucleotides in the
regulation of melanoma TA.
Non-Competence and Competence ofPigment Cells to Neoplastic Transformation in 2
the Gordon-Kosswig Melanoma System. A. Anders, F. Anders, H. Diehl, G. D611, J.
Haas, M. Schwab. Univ. Giessen, Germany
Melanoma formation in the xiphophorine fish is mediated by a tumor gene (Tu) that transforms melano-
phore precursor cells to tumor cells. We have specified the degree ofcelldifferentiation ofthese melanophore
precursor cells more precisely.
Melanophore differentiation in the xiphophorine fish starts at the fourth day ofembryonic life, whenabout
1000 cells of the neural crest migrate to their final sites in the body ofthe fish. Subsequently they divide and
pass through several stages of differentiation including chromatoblasts, early and late migrating melano-
blasts, sessile melanoblasts, melanocytes and melanophores.
Cytological studiesand genetic analysis ofseveral mutations affecting melanophore differentiation revealed
that only the late migrating melanoblasts are competent to the Tu-mediated neoplastic transformation.
Several regulatory genes (R)forthe Tuthat are responsible for an arrest ofthe melanophore precursorcells
in a non-competent state have been analyzed by mutagenesis studies. We found that the controllingactivity of
the R-genes each is restricted to a strongly determined compartment of the body of the fish including the
dorsal fin, tail fin, anal fin, peduncle of the tail fin, caudal region of the body, head region, eyes, mouth,
peritoneum, brain membrane, connective tissues of the neural canal etc.
The Gordon-Kosswig Xiphophorine Fish Tumor System as a General Carcinogenesis 3
Model. F. Anders, A. Anders, M. Schwab, M.R. Ahuja, G. Kollinger, S. Abdo, J.
Vielkind. Univ. Giessen, Germany
Since the early investigations of Myron Gordon and Curt Kosswig we know that certain hybrids of
xiphophorine fish develop melanomas. They consist of incompletely differentiated pigment cells which are
neoplastically transformed. Genetic analysis revealed that the neoplastic transformation is mediated by an
ubiquitous tumor gene (Tu) that might be related to virus particles found in the melanomas after BrdUrd
treatment. Normally the Tu is under stringent control of regulatory genes (R). It may, however, become
derepressed by replacement of the R-containing chromosomes by R-laking ones through hybridization.
Recently we have induced melanomas also by mutagen-carcinogen treatment. They turned out to be
conditioned by germ line mutations or somatic mutations of R-genes, as well as by promotion of melano-
blasts from a non-competent stage of cell differentiation to a stage which is competent for the Tu-mediated
neoplastic transformation.
Furthermore we have obtained neuroblastomas, retinoblastomas, fibromas, fibrosarcomas, rhabdomyo-
mas, epidermoid-, squamous cell-, nephro- and thyroid carcinomas, which could all be traced back to a Tu.
The different etiological types of tumors will be compared with respect to genetics ofsusceptibility, origin
(uni- or multicellular), growth (permanent transformation and/or proliferation), etc.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
4 Increase of Biological Activity ofa #-MSH Fragment after Conjugation of Tyrosine
Like Compounds. Noritake Asato, Saul Lande, Janos M. Varga, Imre Molnar,
Csaba Horvath. Yale Univ., New Haven, CT
The N'-hydroxyphenylpropionyl conjugate resulting from reaction ofa Bolton-Hunter reagent with the ,B-
MSH fragment, His-Asp, exhibited a 50-fold increase in in vitro melanotropic activity compared with the
starting material. A further increase in activity was found after acylation ofthe fragment with iodine-labeled
reagent.
Direct iodination of,tf-MSH by the usual oxidative methods resulted in significant loss in biological activity
which was recoverable at least in part by exposure to reducing agents such as cysteine or dithiothreitol.
Retention time ofiodinated,1-MSH oracylated fragment was increased over that ofparent molecules when
analyzed by reverse phase liquid chromatography. This new technique may provide a quantitative basis for
correlating biological activity with degree ofhydrophobicity, a property assumed to play an important role in
interaction of hormone with receptor site.
5 Activation of Pre-Phenoloxidase by the Specific Activating Enzyme in Silkworm,
Bombyx mori. M. Ashida, K. Dohke. Univ. of Tokyo, and Tokyo Metropolitan
Univ., Tokyo, Japan
Inactive phenoloxidase, pre-phenoloxidase and the specific activating enzyme (PPAE) were purified from
silkworm larvae and characterized.
Pre-phenoloxidase is converted to active phenoloxidase by PPAE with concomitant release ofa peptide of
molecular weight 5,000. It was found that there is a condition to give maximum yield ofphenoloxidase from a
unit ofpre-phenoloxidase. Under this condition, quantitative analysis ofthe released peptide revealed that the
peptide originates in the half of pre-phenoloxidase in the reaction mixture even after the completion ofthe
activation. In SDS-gel electrophoresis of the phenoloxidase two bands with equal intensity were observed.
The phenoloxidase was shown to be in a highly aggregated state on disc-gel electrophoresis leavingalmost no
pre-phenoloxidase of the original molecular size.
When we activated pre-phenoloxidase under different conditions from the one employed above (increased
ratio of PPAE over pre-phenoloxidase at lower protein concentration), a phenoloxidase preparation was
obtained which gives only a band on SDS-gel electrophoresis although the yield of phenoloxidase is low.
Possible functional difference between two kinds of phenoloxidase thus obtained will be discussed in
relation to the problem of whether mono- and di-phenolase activities are brought about bya single molecular
form or not.
6 Differences in Hormone Responsiveness and Receptor Sites Between Melanotic and
Amelanotic Melanoma Cell Clones. M.M. Atkinson, C.J. Witkop, J.R. Sheppard.
Univ. of Minnesota, Minneapolis, MN
The adenylate cyclase (E.C. 4.3.1.1.) activity (A.C.) from melanotic and amelanotic mouse melanomas
(derived from the B-16 mouse melanoma and maintained in cell culture) was biochemically characterized.
These cloned cell cultures were derived from cells originally provided by Funan Hu and V. Riley. Basal
specific activity from the melanotic (mel) clone averaged 73 pmoles/mg prot/min with a range of 20-140.
Basal specific activity from the amelanotic (amel) clone averaged 33 pmoles/mg prot/min with a range of
20-50. The amel basal activity was consistently lower than that of the mel activity. The mel A.C. activity is
stimulated by ACTH (2-4 fold increase) and PGE, (4-20 fold increase), while the amel A.C. activity is
unresponsive to both agents. Using a crude membrane preparation and [3H]-PGE,, PGE, binding characteris-
tics were determined for both cell lines. The mel clone specifically binds PGE, (1.1 pmoles/mg prot) with a Ka
1 X 107 AM' (in close agreement with the apparent Ka obtained from A.C. activation 1.1 X 107MA). No
specific binding of PGE, is detected with membranes prepared from the amel clone over the protein
concentration range of 40 ,ug-250 Ag. These experiments suggest that a lesion in the amel A.C. enzyme exists
at the hormone receptor level. This alteration in the amelanotic cell's ability to bind the hormone may be
responsible for its inability to physiologically respond as measured by adenylate cyclase activation and
synthesis of melanin.
7 The Developmental Biology of a New Melanophore Pigment. Joseph T. Bagnara,
Wayne Ferris, Sally K. Frost. Univ. of Arizona, AZ. John D. Taylor. Wayne State,
Detroit, MI
The melanosomes of all species of leaf frogs (subfamily Phyllomedusinae) so far examined differ markedly
from those of all other vertebrates. They contain an electron-dense kernal which is surrounded by a fibrousXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
matrix which contains a new red pigment, pterorhodin, a pteridine dimer known from only a fewinvertebrate
species. While the red pigment is absent from tadpoles it is evident that larval dermal melanophores which
proliferate rapidly just before and during metamorphosis, provide the structural basis for the adult melano-
some. At metamorphic climax the limiting membrane ofthe larval melanosome uplifts and precisely at stage
25 pterorhodin can be detected chemically. Simultaneously, flocculations of pigment are deposited between
the kernal and the limiting membrane. Thus, a unique compound organelle isformed: the kernal is composed
of eumelanin and the outer matrix is composed of pterorhodin. These events are dependent upon xanthine
dehydrogenase activity apparently mediated by hormones involved in amphibian metamorphosis.
Substantia Nigra Pigment in Human Brain. Patricia A. Baldry, George A. Swan, 8
Sam Shuster. Univ. of Newcastle upon Tyne, England
We wished to isolate the brown pigment ofhuman substantia nigra with a view to investigatingitschemical
structure. The methods used by other workers were investigated but none was found entirely satisfactory.
From in vitro chemical studies on melanogenesis we showed that dopamine and other catecholamines known
to be present in the brain rapidly undergo autoxidation in neutral or alkaline solution to yield melanins. The
procedure of T. Maeda and R. Wegmann (1959) involves an initial enzymic hydrolysis at pH 8.0 for 3-7 days
at 37C, conditions under which pigment might well be formed by autoxidation. To a lesser degree the same
criticism may apply to the procedure of M.H. Van Woert, K.N. Prasad, and D.C. Borg (1967). In attempting
to repeat the latter procedure we also experienced difficulty in achieving complete break-up of cells during
homogenization. We also found that black pigment which microscopically resembled melanin was formed
when lipids isolated from brain were heated with HCI. As T. Mikulski (1970) had heated substantia nigra
with 6N HCI at 900, his method ofisolation is suspect. We therefore investigated a new isolation procedure in
which both catecholamines and lipids were removed in the early stages by extraction with CHCl3-MeOH-HCI
mixtures. Controls were carried out on unpigmented brain tissue.
The Detection and Identification of Pigmentary Intermediates in Melanoma Urine. 9
P.W. Banda, A.E. Sherry, K.A. Hillier, M.S. Blois. Univ. of California, San Fran-
cisco, CA
Melanoma urines have long been known to contain pigment-related intermediates that are excreted in
increasing amounts as the tumor grows and spreads. These so-called "urinary melanogens" represent a variety
of pigmentary intermediates, including dihydroxyphenylalanine and its catecholamine and catechol acid
metabolites; 5-S-cysteinyldopa and its isomers and dimers; and hydroxyindoles. In addition to these eumel-
anin and phaeomelanin precursors, melanoma urine may contain other compounds that reflect tumor
involvement, such as polyamines.
Our approach to the analysis of melanoma urines has been ion-exchange chromatography coupled with
specific detection of reducing metabolites by the stable free radical diphenylpicrylhydrazyl. This procedure
displays a wide range of pigmentary intermediates, as well as normal urinary constituents, with a sensitivity
much higher than UV detection permits.
In addition to the typical correlations of increased melanogen excretion with tumor progression, which are
reported separately, we have observed a number of unusual exceptions, namely, low levels of melanogens in
some patients with large pulmonary metastases, and higher levels of melanogens in patients who are
considered to be tumor free but who exhibit nodal and visceral pigment deposition.
We believe that these findings point to a more complex picture for the formation and release of pigmentary
intermediates in melanoma patients than has been generally recognized.
Interference Filter Microfluorometry and Quantified Fluorescence of Neuromelanin 10
and Lipofuscin Age Pigments in Human Brain. Herbert Barden, Francisco Aviles,
William Rivers. N.Y.S. Psychiatric Inst., New York, NY
Hydrogen peroxide bleaching of the naturally dark mass of intraneuronal neuromelanin granules converts
this pigment into a lipofuscin-like colorless and fluorescent residuum. Bleaching does not alter similar optical
properties of lipofuscin. Sections containing substantia nigra neuromelanin and sections containing inferior
olive lipofuscin were studied as controls, after bleaching, and after lipid extraction procedures by means of
interference filter microfluorometry and quantified fluorescence. For microfluorometry a series of 31 narrow
band interference filters covering the wavelength range of 400-700 nm were utilized. In controls as well as in
treated sections, lipofuscin was found to peak at ca. 464 nm whereas bleached neuromelanin manifested a
weaker and flatter plateau of fluorescence between ca. 430-460 nm. In all cases the fluorescence of the
neuropil adjacent to the pigment-bearing neurons was greater at the shorter wavelengths and unbleachedXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
neuromelanin absorbed at all wavelengths. The total fluorescence ofbleachedl neuromelanin was ca. 1/2 X that
of similarly treated lipofuscin. Dependable standardization of our microfluorometer could be obtained by
utilization ofslides offluorescent, yellow uranium or fluorescent blue glass. These results, which demonstrate
a dissimilarity in the fluorescence properties of lipofuscin and the bleached residuum of neuromelanin,
suggest that there may not be as close a chemical relationship between the two pigments as originally thought.
Mitochondrial Displacements During Pigment Migration in Fish Melanophores. J.
Bereiter-Hahn. Johann-Wolfgang-Goethe-Univ., Frankfurt A.M., Germany
Mitochondria in the melanophores of the angel fish Pterophyllum scalare Cuv. & Val. are stained
specifically by Rhodamin 6 GO (IAM). The staining procedure does not influence the behavior of the
melanophores on a scale immersed in physiological saline. With an objective with high numerical aperture the
mitochondria can be visualized by their red fluorescence (excitation: 546 nm). Their distribution is examined
in nearly all melanophores in the living state on a scale. This method reveals a partial sorting out of
melanosomes and mitochondria during pigment aggregation. The mitochondria may be distributed through-
out the melanin-free cellular processes, or accumulate at the periphery ofthe pigment mass. During pigment
dispersion the mitochondria are migrating in advance ofthe pigment, but after some minutes ofduration of
the dispersed state an equal distribution throughout the cytoplasm of the cell processes is achieved. In the
center of the cells the mitochondria do not participate in the different modes of distribution. The phenom-
enon of sorting out depends on the velocity ofthe pigment aggregation. Due to mitochondrial instability to
high power illumination, this correlation cannot be quantified in detail. The observations are interpreted as
consequences of protoplasmic streaming during melanin displacements.
12 Ultrastructure of Melanocyte-Keratinocyte Interactions in Pigmented Basal Cell
Carcinoma. J. Bhawan. Univ. of Massachusetts, Worchester, MA
Earlier ultrastructural studies of pigmented basal cell carcinoma have revealed a block ofpigment transfer
between melanocytes and tumor cells (Zelickson, A.S. Arch. Derm. 96:524, 1967; Bleehen, S.S. Brit. J. Derm.
93:361, 1975). In contrast, the present investigation demonstrates melanosomes in various stages of matura-
tion in many tumor cells of a pigmented basal cell carcinoma. Tumor cells, in addition, have "spherical
granular melanosomes."
Pigment granules from melanocytes were seen to be transferred into tumor cells by two different mechan-
isms: (1) The tumor cells engulf and phagocytise the melanocytic dendrites and (2) the cell membrane of
tumor cells and melanocytic processes undergo fusion. These fused membranes eventually disappear and a
continuity of the cytoplasms of the two cells results. Thus the melanocytic dendrite becomes a part of the
tumor cell.
An isolated cilium was commonly found in tumor cells. Langerhans cells were seen to be interspersed
between tumor cells.
13 Differentiation of Prospective Pigmented Retina in Vitro and in Vivo. Harold D.
Bibb, John A. McLane. Univ. of Rhode Island, Kingston, RI
Cultures ofthe prospective pigmented retina (PPR) were prepared from eye rudiments dissected from white
leghorn embryos at developmental stages ranging from Hamburger-Hamilton stage 12+ (17 somites) to stage
18 (36 somites). Prospective neural retina, sclera and choroid were removed by treatment ofthe rudiment with
trypsin and type II collagenase, followed by manual separation ofthe layers. The PPR was cut into fragments
and cultured either on cover glasses in 35 mm plastic culture dishes or directly on the floor ofthe dishes in
Coleman's modification of NC medium supplemented with 10%o fetal calf serum and 2.5% chick embryo
extract, or in Werner's modification of Puck's N-16 with the same supplements. Cultures were grown for a
minimum of ten days and were assayed for the presence of pigment using phase contrast and bright field
microscopy.
Differentiation of the PPR in vivo was studied by means ofelectron microscopy. Eye rudiments were taken
directly from embryos and fixed in a cacodylate-buffered mixture of glutaraldehyde and osmium tetroxide
and stained with uranyl acetate. Results ofthe EM study show that premelanosomes and melanosomes begin
to appear in the PPR following stage 18, and that the elaboration ofa complex Golgi apparatus accompanies
or immediately precedes the production of these organelles.
Cultures prepared from stage 16 (26 somites) or older embryos produced pigment with a high frequency.
Although cultures of PPR from younger embryos also produced pigment, the frequency and intensity of
pigment production were reduced from the levels seen in cultures prepared from older embryos. TheseXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
observations are consistent with the idea that a commitment toward pigment production is made by the cells
of the PPR measurably before the appearance of premelanosomes.
Histology of Vitiligo. S.S. Bleehen. Univ. of Sheffield, Sheffield, England 14
Histological studies have been carried out on biopsies taken from marginal and hypomelanotic areas as
well as from adjacent uninvolved skin from the forearms of 12 patients with vitiligo. Biopsies were taken from
4 normal patients for comparison. This study was undertaken to determine the histology of vitiligo and to
further the understanding of the etiology of the condition. Quantitative studies on the population density of
melanocytes showed few in the areas ofvitiligo with an abrupt change from normal numbers in the pigmented
skin to an almost complete absence in the amelanotic areas. Many residual melanocytes were only weakly
dopa-positive, often with abnormally shaped dendrites. Light microscopic studies on paraffin-embedded and
1 MAm-thick epon-embedded sections showed that in half the patients, especially in the marginal areas, there
was a minimal dermal cellular infiltrate and the number of mast cells was significantly increased. Ultrastruc-
tural studies revealed an almost complete lack of melanosomes and melanocytes in the hypomelanotic areas.
The melanocytes appeared to be replaced by indeterminate dendritic cells and by Langerhans cells. In the
marginal areas melanocytes were found with small incompletely melanised melanosomes and some appeared
to be damaged and degenerating. Several intraepidermal mast cells were also found. Direct immunofluores-
cent studies on the involved and uninvolved skin were mostly negative and there was no consistent pattern for
bound immunoreactants.
Clinical Correlations of Dopa Metabolites Occurring in the Urine of Melanoma 15
Patients. M.S. Blois, P.W. Banda. Univ. of California, San Francisco, CA
Gross deviations from the normal properties of urine, have been observed in the urines of melanoma
patients (viz, melanuria) since antiquity. Recent research has been directed toward the chemical def-inition of
these abnormalities, their correlation with the clinical state of the patient, and the clinical application of this
knowledge in diagnosis and the management oftherapy. We have previously reprorted (Cancer Res. 36 3317,
1976) the results of a preliminary study of 39 melanoma patients, from which it was concluded that no single
metabolite was pathognomonic of the disease. We showed that at least five chromatographic peaks appeared
to be melanoma related, but that none appeared in the urine of all melanoma patients. The identification of
several ofthese has now been made, additional tumor-related metabolites have been established which are not
yet identified, and abnormalities in the excretion of other well known dopa-metabolites (e.g., HVA, VMA)
have been studied in melanoma patients. The detection, quantification, and interpretation ofthese metabolite
excretion patterns have been facilitated by a data processing system which will be discussed. The excretion
patterns of dopa metabolites determined on a group of normal subjects maintained on a defined diet in a
metabolic ward, will be contrasted with those of melanoma patients in various clinical stages.
The DAM Chicken, A New Animal Model for Vitiligo. Raymond E. Boissy, Kather- 16
mne V. Fite, J. Robert Smyth, Jr. Univ. of Massachusetts, Amherst, MA
A mutant line of chickens has been developed that is characterized by the postnatal development of an
amelanosis (DAM) and related eye defects resulting in a high incidence of blindness. This stock appears to be
a biomedically significant model for vitiligo and one or more visual disorders. The onset of the feather
amelanosis is variable with the earliest appearance at 5 weeks of age. The amelanosis does not originate
simultaneously in all regenerating feathers of an individual. Approximately 2% of the DAM adults regain at
least temporarily the ability to melanize feathers.
Genetic studies suggest that the amelanqsis is autosomal recessive with incomplete penetrance. The DAM
phenotype was recovered in only 5.0%' of the F2 progeny. After 3 additional generations of DAM X DAM
matings, the amelanosis incidence was 85.6% with 39.6% of these being blind.
Examination of regenerating DAM feathers using phase microscopy revealed only an occasional amela-
notic melanocyte among the barb ridges above the ramogenic zone, an area heavily populated with melano-
cytes in control feathers. When similar sections were incubated in DL-dopa, the DAM melanocytes remained
amelanotic. In contrast, DL-dopa incubation ofsections from the base ofthe epidermal collar showed normal
numbers of functional melanoblasts. When completely amelanotic DAM adults regained the ability to
melanize feathers, pigmented melanocytes were observed at the barb ridge level; however, these had smaller
cell bodies and lacked normal dendritic processes.
Preliminary histological studies of the ocular manifestations suggest the initial effect to be degeneration of
the choroidal melanocytes. The retinal pigment epithelium appears normal until after degenerative changes
become apparent in the photoreceptor cells.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
17 Ultrastructural Variations ofthe Premelanosomes in the Pigmented Epithelium of an
Albinistic Channel Catfish, Ictalurus punctatus. Roger R. Bowers. California State
Univ. Los Angeles, CA
Ultrastructural studies were performed on the pigmented epithelium of albinistic channel catfish, Ictalurus
punctatus, to reveal the nature of the pigmentation with the study of the wildtype in this region serving as a
control. The fine structure of the premelanosomes and melanosomes of the wildtype appeared normal for a
cold-blooded vertebrate. Even though capable of producing typical melanosomes, the pigmented epithelium
of the albinistic catfish predominately demonstrated retarded melanogenesis and extreme variation in the
premelanosome ultrastructure. The majority ofthese membrane-bound mutant premelanosomes were spheri-
cal in shape and contained particulate areas of electron-dense material which varied greatly in size. These
particulate premelanosomes ranged in size from 0.5 ,m to 1.3 ,um in diameter compared to the wildtype
premelanosomes which had an average diameter of 0.5 ,um. Premelanosomes were also seen with the
following variations in shape: (1) large club-shaped structures, (2) oval-shaped structures, (3) long rod-shaped
structures which contained particulate areas of approximately the same size, (4) large round structures which
contained particulate areas of approximately the same size, (5) washer-shaped structures with a fully
melanized cortex and a particulate medulla.
18 Prolonged Effect of Thorium X on Melanocytes of Freckled Human Skin. A.S.
Breathnach. St. Mary's Hospital Medical School, London, England
Sixteen years ago, an area on the forearm ofa freckled subject was painted with a solution containing 500
esu of thorium X per ml. Since then, despite much exposure to solar irradiation, there has been a complete
absence of freckles from this area, which stands out in marked contrast to the surrounding skin. Biopsy of
skinfrom the area wasexamined bythe Dopa technique and by electron microscopy. Melanocytes are present
in apparently normal numbers, but in a condition of complete inactivity, and the implications of this will be
discussed. Observations on dermal features will also be presented.
Detailed ultrastructural observations on the reaction of epidermal melanocytes of freckled and non-
freckled human skin 7 and 14 days following application of thorium X will also be presented.
These greatly extend preliminary observations presented at the Fifth International Pigment Cell Confer-
ence in 1961.
19 Intergenic Complementation in Chick Melanocyte Heterokaryons. John A. Brum-
baugh, Dennis G. Schall, Leon M. Wilkins. Univ. of Nebraska, Lincoln, NE
Recessive white (c/c) is a dopa oxidase negative mutant while pink eye (pk/pk) is dopa oxidase positive.
Chick embryo melanocytes of neither genotype produce melanin in cell culture. Aberrant melanogenic
organelles are evident when these cells are examined with the electron microscope, however.
Five day old cells of each genotype were co-cultured for 24 hours and then fused with inactivated Sendai
virus. Twenty-four hours after fusion faintly pigmented cells could be seen in the culture dishes. These cells
were invariably multinucleated. At 48 hours post-fusion many darkly pigmented, multinucleated cells could
be seen. Pigment-producing cells were found in 4 separate experiments and occurred at the rate ofapproxi-
mately I per 40,000 cells treated. Co-culturing without virus treatment failed to elicit pigment production.
When one genotype was labeled with 3H-thymidine prior to fusion, the autoradiograms showed that the
pigmented cells contained at least one labeled and one unlabeled nucleus. Electron micrographs of the
pigmented cells confirmed that cell fusion was complete and showed normal pigment granules with well-
defined matrices and deposited melanin.
The results show that recessive white and pinkeye can complement as heterokaryons. This indicates that
each mutant affects a different melanogenic function and that control of such functions does not require
nuclear integration. The simplest hypothesis is that the two mutants are structaral genes; the complementing
cytoplasms containing functional gene products. That one or both mutants have a controlling function
mediated through the cytoplasm cannot be ruled out, however.
20 Pigmented Muscle Cells in Nematodes. A.H. Burr. Simon Fraser Univ., Burnaby,
B.C., Canada
Nematodes are particularly useful, experimentally, because they are transparent and composed ofa small
number ofcells. Six species were investigated whichcontain eyespots. These are deposits ofgranular pigment
in 2 esophageal muscle cells which abut photoreceptoral organelles (PRO's). Some species contain an
additional granular pigment ("esophageal pigment") which is scattered evenlyin esophageal muscle cells other
than those forming ocelli. The two pigments are distinguishable by their different location, time ofdevelop-
ment, color, absorption spectra, chemical properties and fine structure. Eyespot pigment first appearsduringXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
embryonic development several days before larval hatching. Its histochemistry and fine structure resembles
that of melanins. It varies interspecifically with regard to color (brown, purple, red, red-orange) and some
chemical properties. Esophageal pigment on the other hand is absent at hatching. Because it accumulates
gradually with age and its location is unspecialized it may be an aging pigment. Histochemically the pigment
resembles hemosiderin more than melanin or lipofuscin. Small quantities of porphyrins are evident in the
absorption spectrum. Its fine structure is not polymorphic as in lipofuscin granules.
The distribution ofeyespot pigment suggests that a diffusible substance controls eyespot pigmentation. In
Oncholaimus vesicarius the target cells are radial muscle cells. In the 2cells ofthis type whinh abut PRO's, the
pigment is concentrated at the end of the cell which is adjacent to the PRO. In a 3rd cell of the same type
located 10-25 Am from either PRO, a smaller amount of eyespot pigment is distributed more evenly in the
cell. In Enoplus anisospiculus a similar situation exists, however the target cells are marginal muscle cells.
Stereo High-Voltage Electron Microscopy ofWhole Cells ofErythrophores from the 21
Teleost, Holocentrus ascensionis. H. Randolph Byers, Keith R. Porter. Univ. of
Colorado, Boulder, CO
In order to better understand the interactions between pigment granules, microtubules and other subcellu-
lar components during pigment migration in teleost chromatophores, whole-cell preparations from cultured
erythrophores were examined by stereo high-voltage electron microscopy. Stereoscopic images ofdispersed
erythrophores reveal alignment ofgranules along radially oriented microtubules. The granules are suspended
in a network of fine filaments 3-6 nm in diameter (microtrabeculae). This microtrabecular system connects
pigment granules and microtubules and extends between the cortices ofthe cell throughout the cytoplast. In
cells fixed in the process of pigment aggregation, the microtrabeculae are less continuous with one another,
are shorter and are up to ten times thicker than the microtrabeculae seen in the dispersed state. Amorphous
material can be seen in the cortices and on the surfaces of aggregating granules. Microtubules appear to
relocate into the cortices. In the aggregated erythrophore, the microtrabecular system is no longer visible in
the cytoplast and nearly allmicrotubules reside in the cortices. In cells fixed while dispersing, the microtrabec-
ular system is restructured from cortical material and from material around the granules. In restructuring, the
microtrabeculae favor connections to the microtubules that are displaced back to all levels ofthe cytoplast.
The formation ofthe microtrabecular system on a microtubule framework duringdispersion, and itsapparent
withdrawal on aggregation may reflect an active role of the microtrabeculae in mediating pigment granule
motion.
22
Release of Cell-Surface Antigens by Human Melanoma Cells. Jean-Claude Bystryn.
NYU, New York, NY
Because free tumor antigens are believed to influence immune resistance to cancer, the ability of human
melanoma cells to release cell-surface antigens and unrelated macromolecules was studied.
Surface macromolecules on melanoma cells in culture were labelled with 125I by the lactoperoxidase
technique. After thorough washing, the cells were incubated in fresh media, and aliquots collected at intervals
thereafter. At the end of the experiment the-cells were lysed in the nonionic detergent NP-40. Radioactivity
associated with macromolecules in media and lysate was measured by precipitation with 10%O trichloroacetic
acid and that associated with melanoma associated antigens (MAA) by a double antibody antigen binding
assay. The antimelanoma serum used for this assay was raised in rabbits and exhaustively absorbed with
normal human placental cells. Approximately 60.0 ± 9.9%o of labelled macromolecules and 42.5 ± 11.5% of
MAA were released in 3 hrs. MAA release was consistently slower than that of other macromolecules.
Release of MAA did not solely result from celldeath since it was considerably faster thanthat of"Cr labelled
macromolecules (18.6 ± 7.6% in 3 hrs), and cell viability was over 98%. Treatment ofreleased MAAwith NP-
40 reduced radioactivity specifically bound by antimelanoma serum by40o, suggesting MAA were released
in a complex with unrelated membrane fragments.
These findings indicate that: (I) antigens and other macromolecules are rapidly released from the surface of
viable tumor cells. This process may interfere with immune destruction ofcancer cells by inhibiting binding of
antibodies and sensitized lymphocytes as well as by releasing soluble free antigens which may "block" these
immune mechanisms at sites distal from the tumor. (2) The media ofcultured cells provides a ready source of
soluble tumor antigens.
23
Response of Pigment Cells to Trimethyl Psoralen and UV Light. D.M. Carter, M.
Pan, J. Varga. Yale Univ., New Haven, CT
The psoralens are photosensitizing furocoumarins that promote cutaneous pigmentation. Phototoxicity of
psoralens is caused by their covalent binding to DNA in the presence of UV light (365 nm) producingXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
monofunctional and bifunctional (cross-linking) psoralen-DNA photoadducts. We have studied some re-
sponses of pigment cells in vitro to non-lethalexposure to trimethylpsoralen (TMP) and UV light. Cloudman
murine melanoma cells (NCTC 53 & 53.1) in the presence of TMP (1-6 X 10-7M) were irradiated (365 nm,
0.6-0.9J/cm2). Tyrosinase activity (method of Pomerantz, Science 164:838, 1969) increases 2-8 fold when
measured 48 hours after irradiation. In melanoma cells synchronized with colchicine, TMP-UV stimulation
parallels and further enhances the stimulation by melanotropin (MSH, 10-7M) of tyrosinase activity.
Measurements of DNA content by scanning microspectrophotometry of treated cells compared to controls
show that TMP plus UV PROLONG THE G-2 phase ofthe cell cycle. It is during G-2 that MSH receptors
are available at the cell surface. Melanoma cells treated with TMP (2 X 10-7M) and UV light (365 nm,
0.6J/cm2) were exposed to fluorescein-isothiocyanate-labeled melanotropin (FITC-MSH) and examined by
fluorescence microscopy. The frequency of treated cells displaying MSH receptors was 23.4%, a 2-3 fold
increase over controls.
These data suggest that enhanced cutaneous pigmentation caused by psoralen and UV light may be related
to the formation ofpsoralen-DNA photoadducts in pigment cells which stimulate theenzymicmachinery for
melanin production by prolonging the G-2 phase of the cell cycle.
24 Molecular Alterations in Murine Melanoma Induced by Melanocytolytic Agents.
Walter Chavin, Joel Abramowitz. Wayne State, Detroit, MI
The acute action of hydroquinone (HQ) and,B-mercaptoethylamine (MEA) alone and in combination were
determined in B-16, S-91 and Harding-Passey (HP) melanomas in vitro. Treated melanoma dice (5-480 min)
were analyzed for tyrosinase activity, peroxidase activity, cAMP, cGMP and macromolecular synthesis
(DNA, RNA and protein). Peroxidase activity was not altered by any treatment. Tyrosinase activity and
cyclic nucleotide levels varied with tumor type, duration of treatment and agent tested. Thus, tyrosinase
activity and cyclic nucleotide levels are inadequate criteria of cell viability. HQ rapidly inhibited DNA and
RNA synthesis in all 3 tumors. HQ depressed protein synthesis in the S-91 and HP melanomas but not inthe
B-16 melanoma. Generally, MEA cytotoxicity was not manifested bydepressed macromolecular synthesis. In
fact, MEA stimulated DNA and RNA synthesis in the B-16 and S-91 melanomas.
Clearly, HQ and MEA appear to have different modes of action upon macromolecular synthesis. In
combination, these agents demonstrated dose dependent inhibition of macromolecular synthesis in all 3
tumors with the most striking effects observed in DNA synthesis.
The melanocytolytic agents appear to offer considerable potential for treatment of melanoma based upon
their in vitro inhibition of macromolecular synthesis in these tumors.
On the Structure and Photodestruction of Pheomelanin. M.R. Chedekel, R.M.
25 Deibel, M. Kalus. The Ohio State Univ., Columbus, OH, and P.W. Post. Cornell
Univ., New York, NY
Pheomelanin, the red-brown pigment in red hair and skin, was isolated from human red hair and purified
to obtain a low molecular weight chromophore free ofprotein. Nuclear magnetic resonance and electron spin
resonance have been employed to examine the structure of the intact pigment. The pheomelanin was
subjected to ultraviolet irradiation (wavelengths longer than 280 nm). We found that in alkaline aqueous
solutions (various pH buffers were investigated) pheomelanin readily decomposes by the action ofultravio-
let light and oxygen. The conditions for the photodestruction were examined and the role ofthe oxygen as a
one electron oxidizing agent was determined. Isolation and identification ofphotodegredation products will
be discussed.
The photodestruction of pheomelanin from several sources (chicken feathers, rabbit and orangu-tan hair)
was examined and found to be similar to human hair. The structure and function of pheomelanin will be
discussed in light ofthese findings. The significance ofthis finding with respect to the increased incidence of
skin cancer among people of Celtic origin will be discussed.
26 Serum Tyrosinase and Tyrosinase-Affecting Factors in Human Malignant Disease.
Y.M. Chen, W. Chavin, Wayne State, Detroit, MI
Tyrosinase activity (TA) normally is not detectable in human serum. However, a 50-60% ammonium
sulfate fraction offers a means forassessingTA radiometrically and bygelelectrophoresis-L-dopa incubation
(E-D). Serum fraction TA and E-D patterns were correlated with several malignant diseases. Each E-D
pattern appeared to be characteristic ofa given malignancy type. The appearance ofcolorless bands in the E-
D gels also revealed the presence of endogenous inhibitors in such serum enzyme preparations.
In addition, supernates of the above ammonium sulfate fraction after ultrafiltration (AMICON) showed
inhibition or activation of TA. Four fractions with molecular weights of 30,000 to > 300,000, contained
potent tyrosinase inhibitors and were characteristically different in different malignant diseases. Two frac-XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
tions (1,000 to 30,000 mw) contained tyrosinase activators and appeared to be specific to melanoma.
Mushroom tyrosinase was used as the standard enzyme preparation in the radiometric evaluation of these
factors.
Thus, analysis ofserum fractions in terms ofTA and factors affecting TA offers specificity and sensitivity in
possible approaches to the detection of several types of malignancies, especially melanoma, as well as to the
evaluation of their clinical treatment.
A Two-Stage Assay for Tumor-Directed Cell-Mediated Immunity. A.J. Cochran, 27
R.M. Mackie, L.J. Ogg, A.M. Jackson, C.E. Ross, G. Todd. The Western Infirmary,
Glasgow, Scotland
In an attempt to overcome problems of the one-stage leucocyte migration inhibition assay we are
investigating a two-stage test. In Stage I Ficoll-Hypaque (FH) separated mononuclear cells are incubated
with formalin fixed cells (FC) of the appropriate tumor type, of other tumor types and with formalinised
normal cells. After 24 hours the migration inhibiting activity ofthe various supernatants is assessed relative to
the supernatant of FH cells incubated in the absence of formalinised cells. The indicator cell population is
gravity sedimented peripheral blood leucocytes from a normal individual. Active supernatants resulted more
often from coculture of melanoma leucocytes (ML) with melanoma cells (17/39-44%) than from cultures of
ML with other types ofcells (6/41-15%). Active supernatants infrequently resulted from culture of normal
FH cells with FC (control FH cells/melanoma FC-1/30-3%, control FH cells/other FC-4/22-18%).
Active supernatants were most frequent with FH cells from Stage II melanoma patients (Stage I, 1/6-17%;
Stage II, 14/25-56% and Stage III, 2/8-25%). In combinations of ML with melanoma FC, the reaction
frequency increased with the number of FC preparations tested. This was not seen with combinations of ML
and other FC or control leucocytes cultured with melanoma or other FC. The direct and two stage assays
were concordant in around 70o of concurrent tests.
The Effect of Melanoma Eluate Fractions on Mononuclear Cell Migration. Irene S. 28
Cox, Marvin M. Romsdahl. The Univ. of Texas, Houston, TX
Eluates from human malignant melanoma tumors prepared as described in previous reports into high
molecular weight retentate (immunoglobulins and ceruloplasmin) and low molecular weight filtrate (serine
proteases, human chorionic gonadotropin and Fab fragments) fractions were assayed in routine mononuclear
cell migration inhibition tests.
Preliminary evidence suggests that in the presence of the retentate and patient cells: (1) there was some
degree ofabrogation of inhibition by tumor antigen in 8/24(33.3%), (2) complete abrogation in 12/24(50%0),
and (3) slight enhancement in 4/24 (16.7%) of the tests performed. Contrastingly, in the presence of filtrate
there was complete abrogation of inhibition in all 24/24 (100%) tests performed with as much as a 3-fold
enhancement.
The results with control cells and tumor antigen showed (I) inhibition in 8/24 (33.3%) where there was no
effect by the presence of the eluates in 4/24 (16.7%) and abrogation in 4/24 (16.7%) and (2) no effect by
antigen but an enhancing effect in the presence of the eluate fractions in 12/24 (50%0) with the greatest
enhancement in the presence of the retentate.
It is believed the abrogation and enhancement effect by the filtrate and patient cells is due to the presence of
Fab fragments and that the enhancement induced by retentate is due to incomplete dialysis.
Visual System Anomalies in Human Albinos. Donnell Creel, Richard A. King, Carl 29
J. Witkop, Jr., A.N. Okoro. Univ. of Utah, Salt Lake City, UT; Univ. ofMinnesota,
Minneapolis, MN; and Univ. of Nigeria, Enugu, Nigeria
Recent electrophysiologic and anatomic studies indicate that the optic system is disorganized in albino
human beings similarly to the anomalous organization previously documented in albino members of eight
other species of mammals. Members of 88 kinships which included 128 albinos were examined in Enugu,
Nigeria. Most ofthese albinos were ofthe tyrosinase positive type with yellow hair, freckles, pigmented nevi,
and blue eyes exhibiting variable monocular esotropia and nystagmus with a major rotatory component.
There was some iris pigment, usually golden in color and mostly at the pupillary border forming a starburst
appearance over the iris, but no retinal pigmentation. Visually evoked potentials were recorded from 27 of
these albinos and 10normally pigmented Nigerians. Diffuse flash and a 15' checkerboard pattern were used as
stimuli. There was a significant asymmetry between the evoked potentials recorded from each hemisphere of
monocularly illuminated albinos, as compared to the normally pigmented group ofcontrols. The asymmetric
evoked potentials ofthese human albinos is further evidence that there is a disorganization ofthe optic fibers
similar to that reported for otheralbino mammals. Normal pigment in the developing optic cup appears to be
the principal correlate of normal optic projections.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
30 Lavender-An Avian Melanocyte Mutant Defective in Melanosome Transport.
Evidence Suggesting a Role for Intermediate Filaments and Microfilaments, But Not
Microtubules in Melanosome Translocation. Paula L. Dollevoet, John A. Brum-
baugh. Univ. of Nebraska, Lincoln, NE
Lavender is an avian dilution mutant which has been previously described as adendritic (Brumbaugh et al.
1972, Chatterjee 1971). The present reinvestigation reveals that lavender melanocytes possess prominent
pigmentless dendrites emanating from melanin congested perikarya. These results were confirmed both in
vivo, using intact barb ridge, and in vitro, using neural crest derived melanocytes from 3 dayembryos grown
in low density culture for 7-8 days.
Since lavender melanocytes contain apparently normal dendrites, their aberrant melanosome distribution
must be due to a defect in melanosome translocation. The roles of microtubules, microfilaments and
intermediate filaments in melanosome translocation were examined by drug treatment studies and ultrastruc-
tural examination. Our results were as follows: (I) Colcemid at I ,g! ml does not prevent melanosome
migration, nor does it alter the distribution ofmelanosomes in either genotype. (2) Cytochalasin B at I Ag! ml
in 0.1% DMSO causes wild type melanosomes to appear clumped, thus producing a partial phenocopy ofthe
lavender defect. (3) Intermediate filaments are abundant and attached to intracellular organelles in both
genotypes.
A model is proposed in which intermediate filaments anchor to, and mediate the dendritic transport of
melanosomes. The actual contractile force might originate in the microfilament network which fills the
cytoplasm and attaches to intermediate filaments. Thus, intermediate filaments would act as cables, anchored
to organelles and pulled by microfilaments.
31 Melanogenuria in Hamsters with Melanoma as a Model of Human Melanogenuria.
J. Duchon, S. Pavel. Charles Univ., Prague, Czechoslovakia
Whereas the urinary excretion of melanogens (melanogenuria) in human subjects suffering from malignant
melanoma has been studied for many years, practically nothing was known about the melanogenuria in
animals with experimental melanomas.
In this report the first information about melanogenuria in hamsters with transplantable melanotic and
amelanotic melanoma is given. In hamsters with melanotic melanoma apparently increased concentration
and excretion of so called Thormahlen positive melanogens in urine was found in comparison with hamsters
with amelanotic melanoma or hamsters without tumors. Similar results were obtained when the excretion of
all diazo positive compounds in urine was measured.
Thin-layer chromatography of ethyl acetate extracts of hamster urine proved the presence of at least 15
phenolic and indolic acids, however, only in the urine of hamsters with melanotic melanoma the isomeric 6-
hydroxy-5-methoxy-2-indolylcarboxylic and 5-hydroxy-6-methoxy-2-indolylcarboxylic acids were found.
When we compare these findings with our previous findings in the urine of human subjects with melanoma,
it is possible to conclude that melanogenuria in hamsters could serve as a good model of human melano-
genuria.
32 Inability of Melanoma "Tyrosinase" to Convert Tyrosine to Dopa, Demonstrated by
the Tritiated Tyrosine Assay Method. L. Edelstein, H. Shapiro. St. Vincent Hospital,
MA M. Okun, R. Patel. Tufts Medical School, Boston, MA
The Pomerantz-Udenfriend tritiated tyrosine assay method has been widely used to determine tyrosine
hydroxylation in melanin and catecholamine synthesis. Inherent errors in the system prevent its use as a
quantitive method for hydroxylation: 1. There is tritium exchange with water as tyrosine passes through the
column, resulting in misleading elevation of tritiated water yield; 2. Ascorbate used to block oxidation of
dopa also participates in tritium exchange, resulting in misleading decrease in tritiated water yield; 3.
Tritiated water fractions have significant contamination with tritiated amino acid, and correction must be
made by nitrogen evaporation of each fraction. No past studies have validated the Pomerantz-Udenfriend
method as a qualitative assay system for hydroxylation with standard, commercial mushroom tyrosinase. We
have demonstrated the qualitative validity of this method with mushroom tyrosinase. On the other hand,
using this method, we have again demonstrated the inability of isolated melanoma "tyrosinase" (dopa
oxidase) to hydroxylate tyrosine.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
Melanogenesis in Normal and Malignant Tissues: Effects ofTrypsin, Phospholipase- 33
C, and Triton X-100 on Tyrosinase Activity. John J. Eppig, Vincent J. Hearing.
Jackson Laboratories, Bar Harbor, ME and National Cancer Institute, Bethesda,
MD
The effects of trypsin, phospholipase C (PLC) and Triton X-100 (TX) on tyrosinase activity in the melanin
granule, microsomal and soluble fractions from a variety of melanogenic tissues were studied. Pigmented
tissues examined were: (1) eyes from 5 d newborn black mice (C57BL), (2) murine malignant melanoma (S-
91), (3) eyes from 15 day chick embryos (White Leghorn), (4) Stage III and IV oocytes from amphibians
(Xenopus laevis), and (5) dorsal epidermis from amphibians Xenopus laevis and Rana pipiens). After
isolation of subcellular fractions by differential and sucrose density gradient centrifugations and treatment in
various manners with the agents listed, tyrosinase activities were measured with the Uf 14C]-tyrosinase assay.
A trypsin-activatable protyrosinase was not found in any of the fractions of the melanogenic tissues
examined, other than Rana epidermis. Apparent increases in tyrosinase activity resulting from PLC or
trypsin treatment of some melanin granule fractions were due to increased permeability of the granule's
membrane to tyrosine. TX efficiently solubilized tyrosinase from the melanin granules ofall tissues studied.
There is evidence presented that phospholipids may have a role in optimizing tyrosinase activity. Finally,
differences in the distribution of enzyme activity between normal and malignant murine melanocytes were
found which may be a reflection of neoplastic transformation.
Melanosome Distribution in American Indians. M.A. Everett, R.L. Olson, J. Gaylor, 34
R.E. Nordquist. Univ. of Oklahoma, Oklahoma City, OK
Biopsies from unexposed skin of full-blood Kiowa, Caddo and Comanche Indians were obtained and
prepared for electron microscopy. Ten random micrographs at 7500x were selected from each subject. The
five largest melanosomes in complexes and the five largest seen singly were measured on each micrograph,
thus insuring that only those melanosomes sectioned at the largest diameters were studied. Resultant
melanosome sizes were as follows:
Single In Complexes
Kiowa 4300 X 2300 1700 X 1300
Comanche 6000 X 2500 2800 X 1700
Caddo 6900 X 2400 None
This compares with our former data on American negroes as follows:
Dark 6570 X 2380 None
Medium 4880 X 2720 None
Light 4300 X 1760 3060 X 1460
This study indicates greater diversity in melanosome size among Indians, who clinically exhibit less
diversity in color and hue, than among American negroes, who clinically exhibit greater diversity in color and
hue. The melanosome size and absence of complexing in the Caddo suggests that there may be racial
differences in the enzymatic ability to degrade melanin as well as in intrinsic melanosome size.
Nerve Growth Factor Receptors on Human Melanoma Cells in Culture. Robert N.
Fabricant, Joseph E. De Larco, George J. Todaro. National Cancer Institute, Be- 35
thesda, MD
Purified mouse nerve growth factor (NGF) radiolabeled with'25I was tested for its ability to bind to a
variety of cells in culture. Both human and murine melanomas and a mouse neuroblastoma had available
receptors for NGF. The three lines with the greatest binding were derived from human metastatic melanomas.
One line, A875, was chosen for further investigation and was shown to possess 7 X 10' receptors percell with
an association constant of 1 X 109liter/mole. Using this cell line, a radio-receptor assay was developed, which
allowed the detection of 0.25 ng of NGF in biologic fluids. This assay utilized approximately 40,000 cells
grown in 16 mm wells. Aliquots of serially diluted sera were incubated with the cells for one hour;
radiolabeled NGF was added, and the cells were incubated for an additional hour. Unbound radiolabel was
removed by washing, and cell-bound '25I-NGF determined. By means ofthis assay and a radioimmuno-assay
for both the 2.5S and 6.5S forms, the circulating levels of nerve growth factor in normal and melanoma
patients were compared. Some of the possible diagnostic and prognostic values of the findings will be
presented.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
36 Possible Involvement of Dopamine in the Release of Red Pigment-Concentrating
Hormone in the Fiddler Crab, Uca pugilator. Milton Fingerman, Sue W. Finger-
man. Tulane Univ., New Orleans, LA
Prior evidence from this laboratory supports the hypothesis that 5-hydroxytryptamine (5-HT) triggers
release of the hormone that causes dispersion of the pigment granules in the erythrophores ofthe fiddler crab,
Ucapugilator. Experiments have now been undertaken to identify one or more neurotransmitters that would
appear to control release of the hormone that causes aggregation of this red pigment. Adrenaline, noradrenal-
ine, octopamine, GABA, acetylcholine, glutamic acid, 5-HT, and dopamine (DA) were injected into intact
crabs whose red pigment was initially maximally dispersed. Of these compounds, only DA had any red
pigment-aggregating effect. None of these compounds caused aggregation of the pigment in the melanophores
or leucophores ofthis crab. When DA was assayed on isolated legs having maximally dispersed red pigment,
no response to DA was observed, indicating that DA acted indirectly on the erythrophores ofthe intact crabs,
presumably triggering release of red pigment-concentrating hormone (RPCH). When DA was injected along
with partially purified RPCH into intact crabs, the pigment-concentrating response was greater than
observed with either DA or RPCH alone. Furthermore, DA antagonized the response to red pigment-
dispersing hormone (RPDH) in intact crabs. However, DA had neither a synergistic action with RPCH nor
an antagonistic one with RPDH when the mixtures were tested on isolated legs, further evidence that the
action of DA on these erythrophores is an indirect one. Experiments are now in progress to extend these
observations and provide further evidence in support of the hypothesis that DA has a normal role in the
fiddler crab of triggering RPCH release.
37 Dopamine Receptors on Teleost Melanophores? B.C. Finnin, J.C. Aitken, B.L.
Reed. Victorian College of Pharmacy, Parkville, Victoria, Australia
In the past the classification ofdrug receptors on the melanophores of teleost fishes has relied mainly on the
qualitative assessment ofmelanophore responses to drugs. It is accepted, however, that the melanophores ofa
number of teleost fishes possess both a-adrenoceptors and ,B-adrenoceptors which mediate melanosome
aggregation and melanosome dispersion respectively.
Techniques for the quantification of melanophore responses in living fishes have been developed in our
laboratory over recent years and the data obtained from pharmacological studies with these newer techniques
indicate that the melanophores of at least some teleost fishes also may possess receptors fordopamine (DA).
Norepinephrine (NE) and DA produce melanosome aggregation within the melanophores ofthe freshwater
angelfish Pterophyllum eimekei, and the potencies ofthese two agents expressed in terms oftheir pD2's have
been calculated to be 7.670 and 7.140 respectively. The potency ofDA, therefore, is much closerto that ofNE
than normally is the case with a-adrenoceptors in other systems. The potency ratio is more like the ratio seen
with systems containing receptors for DA.
The pA2 for the a-adrenoceptor antagonist phentolamine was calculated to be 7.906 with NEas the agonist
and 7.904 with DA as the agonist. This finding indicates that NE and DA may be acting on the same
receptors. The pA2 for the DA receptor antagonist haloperidol, however, was 5.459 when NEwasthe agonist
and 6.012 with DA as the agonist. This highly significant difference in the blocking potency of haloperidol
suggests that NE and DA are acting on different receptors.
38 Similarities and Contrasts in the Synthesis of Pheomelanosomes and Eumelano-
somes in Mouse Follicular Melanocytes. R.D. Fleischmann. Brown Univ., Provi-
dence, RI
The pheomelanosomes synthesized by the follicular melanocytes of lethal yellow (Al/-), viable yellow
(AIY/-), and recessive yellow (ele) mice show a common pattern of development as observed by electron
microscopy. Their earliest stages are indistinguishable from those characteristic of eumelanosomes in the
follicular melanocytes of C57BL (a/a) mice. In each case, a common developmental pathway leads to the
production of a spherical, membrane-limited body containing loosely organized fibrillar, vesicular, and
tubular elements. From this point, eumelanosomes tend to become elliptical in shape and emphasize the
organization ofthe fibrillar elements into a spindle-like "matrix." Melanin is deposited on and betweenthese
fibrillar elements. In contrast, pheomelanosomes remain spherical, the fibrils poorly organized, and the
vesicular and tubular components more prominent than in eumelanosomes. Melanin deposition takes place
on this assemblage of elements within the pheomelanosome. The follicular melanocytes of recessive yellow
and viable yellow mice contain eumelanosome-like organelles as well as mature pheomelanosomes. Thus at
the ultrastructural level pheomelanosomes and eumelanosomes appear to differ in the prominence and
deployment of the same basic components.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
Changes in Tyrosinase Activity and Protein Synthesis in Guinea Pig Epidermis After 39
UVL Irradiation. C. Fletcher, A. Kornhauser, G. Szabo. Harvard School of Dental
Medicine, Boston, MA
Depilated dorsal skin of non-anesthetized red guinea pigs was irradiated with quantitated ultraviolet light
(UVL; 290-320 nm) to stimulate melanogenesis. Biopsies, including shielded controls, were obtained at I
hour, 2 days, and 4 days post-irradiation, and pure epidermal sheets were obtained by NaBr-splitting.
Epidermal homogenates were prepared by standard techniques and subjected to acrylamide-gel electrophore-
sis. Tyrosinase activity was assayed with L-DOPA incubation, while total extractable proteins were visualized
with Coomassie Blue. Densitometric scanning ofgels revealed specific DOPA-melanin bands foreach sample
when 300 or 600 ug aliquots were applied to gels. On these gels, 2 peaks (bands) of constant mobility but
variable activity appeared at all sampling times. Following UVL irradiation, 2 additional peaks appeared by
day 2, and all day 4 samples exhibited 5 distinct peaks. Rx values for all DOPA-melanin bands ranged from
0.05 to 0.35. With the same 300 or 600 ug loads, gels stained with Coomassie Blue exhibited major changes
(increase and decrease) in bulk quantities of multiple specific proteins throughout the 4 day period. These
results indicate that the immediate tanning reaction (I hour samples) is characterized by significant changes in
extractable epidermal proteins without significant changes in tyrosinase isozyme activity, while the delayed
tanning reaction (2 and 4 day samples) is characterized by significant changes in both tyrosinase forms and
activities, and in total extractable proteins. These findings are consistent with the hypothesis that photo-
oxidation of existing pigment and translocation of melanosomes occurs during the immediate tanning
reaction, while UVL-induced synthesis of new melanin by tyrosinase occurs during the delayed tanning
reaction.
Developmental Aspects of Pteridine Pigments in the Mexican Leaf Frog. Sally K. 40
Frost, Joseph T. Bagnara. Univ. of Arizona, Tucson, AZ
Pterorhodin, a pteridine dimer previously found in only a few invertebrate species, is found in the skins of
the Mexican leaffrog, Pachymedusa dacnicolor. In development it is undetectable in skins until shortly after
the end of metamorphosis. In our efforts to determine the control mechanisms responsible for the synthesis
and deposition of pterorhodin we have relied heavily on the known biosynthetic pathways in invertebrate
systems.
Such pathways were used to elucidate the possible control points in pteridine biosynthesis. The develop-
mental pteridine pattern for Pachymedusa demonstrates that at least six pteridines occur consistently
throughout larval life, and dramatic changes in these pigments occur at metamorphosis. There are significant
fluctuations in both the appearance and levels ofthese pteridines throughout development, and it is likelythat
these variations are involved in pterorhodin synthesis.
In an attempt to determine whether the enzyme xanthine dehydrogenase (XDH) is necessary for pteror-
hodin synthesis, a specific inhibitor (allopurinol) was administered to young larvae. These were then allowed
to proceed through metamorphosis and the effects ofallopurinol were evaluated both morphologically (EM
studies) and biochemically (chromatographic analyses). The results indicate that XDH is necessary for
pterorhodin synthesis and for the synthesis of a number of other normally predominant pteridines in
Pachymedusa skin, particularly xanthopterin. Thisfindingtogether with results indicating that XDH is found
primarily in liver and kidney suggests that the skin alone is incapable of inducing pterorhodin synthesis and
deposition.
Control of Pigment Movements in Dermal and Epidermal Melanophores of the 41
Siluroid, Parasilurus asotus. R. Fujii, Y. Miyashita. Sapporo Medical College,
Sapporo, Japan
Electrical nervous stimulation and acetylcholine and its analogues gave rise to a melanosome aggregation
within both dermal and epidermal melanophores of the siluroid catfish, Parasilurus asotus. Muscarinic
cholinolytic drugs effectively blocked the action of these agents, whereas an anticholinesterase, physostig-
mine, augmented it. It has therefore been concluded that the neurally evoked melanin aggregation within
these cells is mediated by cholinoceptors ofa muscarinic type. Among other substances tested, melatonin and
its derivatives, which also have the 5-methoxy group on the indole ring, were effective in aggregating the
pigment within these melanophores. The former was most potent. These results suggest the pineal role in the
endocrine control of the body blanching response in this species.
Without showing the melanin-aggregating action, sympathomimetic amines exhibited a certain action to
disperse the pigment in dermal melanophores. Since beta adrenolytic agents inhibited the response more
strongly than alpha adrenolytics did, the melanin dispersion seems to be mediated byadrenoceptors ofa beta
nature. Presumably catecholamines fromadrenal chromaffin cells are involved in the physiological darkeningXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
response. In addition, MSH may also be responsible for the endocrine regulation ofthe melanin dispersion.
Being different from catecholamines, it acted on both dermal and epidermal melanophores. Further, the
results on the effects ofnucleotides and methylxanthines are in agreement with the idea that an increase in the
intracellular cyclic AMP levels leads to pigment dispersion, and that reverse changes in cyclic GMP levels
may contribute to this process.
42 Transcriptional and Translational Requirements for MSH Action on Melanoma
Cells. Bryan B. Fuller, Mac E. Hadley. Univ. of Arizona, Tucson, AZ
Cloudman S91 mouse melanoma cells respond to MSH stimulation by showing an increase in melanogene-
sis (the result ofincreased tyrosinase activity) and a concomitant decrease in proliferation. While cAMP has
been shown to mediate these cellular responses to MSH, little else is known regarding the biochemical
mechanisms involved in this increased melanogenesis and reduced mitotic activity. We have investigated the
role of transcriptional and translational events in mediating the MSH- or dBcAMP-induced melanogenic
response in melanoma cells by: (1) determining alterations in the rate of incorporation of 3H-leucine into
cellular protein and 'H-uridine into RNA in cells exposed to hormone and (2) examining the transcriptional
and translational requirements for the MSH-stimulated increase in tyrosinase activity through the use ofthe
protein synthesis inhibitor, cycloheximide and the RNA synthesis inhibitor, actinomycin D. The results of
these studies and their possible significance in defining the mechanisms ofaction of MSH in melanoma cells
will be discussed. The use of double-labeling experiments to determine alterations in the rate ofsynthesis of
melanosomal bound tyrosinase following hormonal stimulation will also be discussed.
43 Abnormal Intraretinal Connections in Total Human Albinism. A.B. Fulton. Chil-
dren's Hospital, MA D.M. Albert, J. Craft. Massachusetts Eye and Ear Infirmary,
Boston, MA
Visual system disorganization and functional abnormalities are known to occur in albino animals. Ocular
anomalies in human albinos are widelyappreciated clinically, but the cause forthe functional deficit in man is
not understood. This has been attributed primarily to central visual system anomalies. We have recently had
an opportunity to examine histopathologically the eyes of an albino child. Light microscopy ofvertical and
flat serial sections of the maculas confirms the absence of foveas, but a normal ratio ofrods to cones in the
extrafoveal macular area is present. Electronmicroscopic studies ofthe retinal neurons revealpreservation of
normal cell architecture, but suggest disorganization of the synaptic apparatus of the photoreceptor cells.
44 Ultrastructure of Melanocyte-Keratinocyte Interactions. R.I. Garcia, E.A. Flynn, G.
Szabo. Harvard School of Dental Medicine, and Harvard Medical School, Boston,
MA
Melanocyte (M)-keratinocyte (K) interactions were studied using normal black guinea pigskin, before and
following ultraviolet light (UVL) irradiation (310 nm peak). Selected specimens were processed with lantha-
num nitrate, others glycerinated for freeze-cleavage. Examination of normal skin revealed well-pigmented K,
and M containing melanosomes (MS) in various stages of formation; cross-sectioned M dendrites, with
pinocytotic vesicles and occasional MS; freeze-fracture ofmelanosomes reveals no evidence ofa membranous
internal structure, in agreement with Breathnach et al. ('73 J. Anat. 116:303). Changes following UVL:
increased number ofcross-sectioned dendrites, now regularly containing MS; increased pigmentation ofbasal
K; increased pinocytotic activity ofdendrites and dendrite interdigitation with adjacent K. Features of M-K
membrane interactions found in normal skin were seen to a somewhat greaterdegree in UVLirradiated skin.
Lanthanum tracer and freeze-cleavage were used to study in detail membrane relationships of dendrites to
adjacent K. There is extensive dendrite membrane activity, with numerous pinocytotic vesicles. At times the
melanosomal and dendrite membranes appeared to fuse. Lanthanum was found in a dendrite between the
melanosome membrane and the granule itself, suggestingacontinuity with the extracellularspace. There were
areas of close membrane apposition and intimate interaction between dendrites and K, suggestive of
membrane fusion, dissolution, and cytoplasmic continuity, possibly involved in MS transfer. Our observa-
tions support in part the proposal of Charles and Ingram ('59, J. Biophys. Cyt. 6:41) that M-K interactions,
culminating in MS transfer, involve close and selective apposition and fusion of cell membranes.
45 Connections Between Pigment Loss and Melanomatosis in Gray Horses of the
Lipizzaner Breed. Walter Gebhart, Gustav Niebauer. Univ. of Vienna, Vienna,
Austria
Although deeply pigmented atjuvenile age, horses ofthe Lipizzaner breed undergo progressive graying in
later life. Concomitantly with the pigment loss, multiple melanotic tumors arise in skin and unique melanom-XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
atosis is frequently present in animals more than 20 years of age. Clinical, light- and electron microscopic
investigations were performed in 54 Lipizzaner horses of the Viennese Spanish Riding School to elucidate
mechanisms and morphological substrates of depigmentation and tumor formation in this special animal
model. The following results were obtained:
Depigmentation involves not only hair, but also the epidermis, the formerly DOPA-positive melanocytes
being replaced by indeterminate cells. This process results in a condition similar to vitiligo especially in the
perioral, perianal and perigenital regions. Pigmented tumors were found in 20 animals out of a group of 31
horses being more than ten years old. Most of the melanomas were located on the root of the tail, in the
perianal, perigenital and perioral region. Tumor cells frequently showed autophagocytosis of melanosomes,
but could be differentiated from melanophages by a great number of single melanosomes. In addition
lamellar bodies were frequently present within the tumors. Tumorous proliferation seemed to start from
pigment cells, who had escaped the depigmentation process especially in the perifollicular regions.
Since the genetically determinated G-factor is responsible for the depigmentation in these horses, the
pleiotropic effect of this gene might also be cause of melanomatosis in the Lipizzaner breed.
46
Early Stages of Melanogenesis in MSH-Stimulated Cell Cultures. Martha J. Gie-
seler, Bryan B. Fuller, Wayne R. Ferris. Univ. of Arizona, Tucson, AZ
Early stages in the differentiation of melanosomes were studied by electron microscopy in amelanotic
Cloudman S91 cell cultures. A sequence of four distinct stages of development can be recognized in
sequentially arranged micrographs of amelanotic cells stimulated with MSH and theophylline to produce
melanin. (I) The initial stage is identified as a vesicle, approximately 0.5 jAm in diameter, devoid ofinternal
structure, apparently arising directly from the Golgi. (2) A multivesicular body arises from this vesicle by the
direct incorporation ofnumerous small, moderatelydense vesicles. The small vesicles appear in large numbers
in the vicinity of the Golgi but their origin is uncertain. (3) Lamella, often concentric, giving an onion-like
appearance, form within the MVB. These appear to be derived, at least in part, from invagination ofthe outer
limiting membrane of the MVB. There may also be contributions from the previously incorporated vesicles.
These changes are accompanied by a slight reduction in vesicle size. (4) The vesicles become oblong and a
lattice of irregularly spaced longitudinal fibrils and fine cross fibrils regularly spaced appear in the center of
the concentric lamella. Differentiation proceeds from this point on to the mature melanosome through the
previously described I, II, III and IV stages.
47
Modification of Pigmentation Patterns in Allophenic Mice by the W Gene. Jon
Gordon. Yale Univ., New Haven, CT
Allophenic mice were produced by fusing embryos heterozygous at the W locus with embryos which were
wild type at this locus but homozygous foralbino. The resultingchimeras displayed an unusual pigmentation
phenotype consisting of entirely white fur and ruby colored eyes. Microscopic examination showed the eye
pigment to be located only in the retinalepithelium, which was a mosaic ofblack and white sectors. This ruby
eyed white pattern corresponds to what would have been expected for WWCC -++cc mosaics but not for
W+CC - ++cc mice. WW mice are black eyed whites, but W+ mice are fully pigmented, except for a small
ventral white spot, white feet, and a white tailtip. The genotype ofthese W+CC ++cc chimeras was proved
by progeny testing. These results suggest that melanocytes of the W+ genotype, although capable of
producing normally pigmented fur in W+ animals, fail to populate hair follicles when in competition with
++cc (albino) melanocytes that are wild type at the W locus. Further, small groups ofW+ melanocytes which
occasionally survived were located in areas which are normally devoid ofpigment in W+ mice, a result which
strongly suggests that the mechanism of distal spotting in W is not due to the inability ofW+ melanoblasts to
migrate normally.
48
Regulation of Growth in Cloudman Melanoma Cells. R. Halaban, A.B. Lerner. Yale
Univ., New Haven, CT
Cloudman melanoma cells produce substances that can either stimulate or inhibit their rate of prolifera-
tion. Stimulation ofgrowth ofslow growing melanoma cells is caused bythe intracellular increase inthe level
of adenosine 3'5'-cyclic monophosphate (cAMP), whereas inhibition of growth is caused by high levels of
tyrosinase reaction products. Melanotropin (melanocyte-stimulating hormone, MSH) modulate the intracel-
lular production of these substances, and therefore, their rate of proliferation. Stimulation ofgrowth by the
hormone was preceded by an early increase in the rate of uridine transport and thymidine incorporation.
These early changes in response to MSH were observed in slow growingcells(populationdoublingtime of40
hours or more) regardless of the level of tyrosinase activity. However, a marked increase in the rate of cell
proliferation accompanied the early metabolic changes only in melanoma cells having low to moderate (but
not high) levels oftyrosinase activity. Thus, high levels ofmetabolites from the tyrosinase reaction modulateXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
the growth response of melanoma cells to MSH. Tyrosinase reaction product(s) caused a decrease in the rate
of DNA synthesis and cell proliferation. The effectiveness of this substance(s) to act as mutagens and/or
carcinogens is now being investigated.
49 Cutaneous Findings in X-Linked Ocular Albinism. George W. Hambrick, Jr. Univ.
of Cincinnati, OH W. Richard Green, Francis E. O'Donnell. Johns Hopkins Univ.,
Baltimore, MD
Ocular albinism is an X-linked form ofalbinism that has its most significant effect upon the eye. (X-Linked
Ocular Albinism-An Oculocutaneous Macromelanosomal Disorder, Arch. Ophthalmol. 94: 1883-1892,
1976.) It has been the clinical impression of some observers that these patients have a mild, generalized
pigmentary dilution of the skin and hair when compared to nonaffected siblings. Recently we had the
opportunity to examine the first black kindred reported with ocular albinism. In these darkly-pigmented
patients, seven of nine affected males had congenital hypopigmented macules and patches. The clinical,
histopathologic, and ultrastructural features of these cutaneous lesions and those found in our three
previously-reported, unrelated Caucasoid kindreds are summarized in this paper. Histopathologic study of
the skin is a useful adjunct in the diagnosis of X-linked ocular albinism, both in the affected and the carrier
states.
50 Characterization ofthe Intracellular Location ofTumor-Associated Antigens in B-16
Murine Malignant Melanoma. Vincent J. Hearing, Suzanne E. Kerney, Paul M.
Montague, Thomas M. Ekel, Jesse M. Nicholson. National Cancer Institute, Bethes-
da, MD
Recently, the B-16 murine melanoma has been proposed to be an excellent model for the study of
malignant melanoma because of its ultrastructural, biochemical and immunological similarities to human
malignant melanoma. Two types of tumor-associated antigens (TAA) have been identified in human
melanoma; the first is host-specific and has been localized on the plasma membrane, the second is cross-
reacting and has been demonstrated within the cytoplasm of the malignant melanocytes. However, these
latter antigens have never been more specifically localized within the melanocyte. We have utilized both the
leukocyte migration inhibition assay and the lymphocyte stimulation assay to determine the intracellular
location of these TAA in the B-16 murine melanoma. These assays were used to test antigenic responses to
various subcellular fractions(isolated by differential centrifugation) ofhomogenized B-16 tumors. The results
of both assays indicate that the TAA are found associated with the membranous organelles, most specifically
the melanin granule fractions. They were not found in the soluble protein fraction of the cytoplasm, as has
previously been suggested, nor were they found in autologous muscle fractions.
51 Demonstration of Carbohydrate Structures in Human Malignant Melanoma Tyros-
inase. W.P. Herrmann, G. Uhlenbruck. Univ. of Cologne, Cologne, Germany
Electrophoretic studies on human malignant melanoma extracts before and after treatment with neuramin-
idase revealed that tyrosinase is a glycoprotein containing N-acetyl-neuraminic acid. Double diffusion tests
using the lectin from Ricinus communis showed that these neuraminic acid groups are directly linked to D-
galactosido residues. With Concanavalin A, mannosyl groups were found as sugar units located within the
carbohydrate chain. The enzymatic activity of melanoma tyrosinase was not inhibited by Concanavalin A.
This finding indicates that the carbohydrate chain is located at distance from the active center ofthe enzyme.
In addition, it can be assumed that human tyrosinase can be isolated and purified from malignant melanoma
tissue extracts by affinity chromatography with Concanavalin A.
52 Malignant Melanoma and Vitiligo. Joachim J. Herzberg. Dermatologische Klinik,
Bremen, Germany
Vitiligo in the course ofmalignant melanoma (mm), always a sign for localand/ orgeneralized metastases,
is thought to be due to immunologic reactions on neoplastic and normal melanocytes. As this occurrence is
extremely rare, there are only a few thorough examinations of such cases. Important questions (for instance
the prognostic value of vitiligo in the course of mm) remain unanswered.
The modern combined therapy of mm, consisting of unspecific local immunostimulation and multiple
operations to reduce tumor-antigen and intravenous application of DTIC, can probably contribute to our
knowledge, as we and others saw cases of acquired vitiligo in patients whose cutaneous satellites and local
relapses were painted with DNCB-solutions (0.05-2%) in acetone. The vitiliginous depigmentation deve-
loped 9-12 months after local DNCB-treatment and followed severe eczematous and often bullous reactions.
The depigmentation was not always confined to the treated areas, it was also observed over locallyuntreatedXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
cutaneous satellites. When depigmentation was complete, most satellites (if not too big) and one inguinal
lymphnode (containing tumor), did regress totally. One relapsed primary mm didn't fully disappear though
being equally covered with depigmented skin. Unfortunately, the acquired vitiligo has no influence on the
visceral metastases. This difference needs further study since under similar conditions patients do or do not
develop vitiligo, and they do or do not profit from this reaction.
Influence of Genetic and Dietary Restrictions of Copper on Mouse Tyrosinase. T.J. 53
Holstein, R.Q. Fung, W.C. Quevedo, Jr. Roger Williams College, Bristol, RI and
Brown Univ., Providence, RI
In mice, alleles at the mottled (Mo) locus are X-linked and associated with a depigmentation of the hair
coat which, according to Hunt (Life Sciences, 19: 1913, 1976), may result from a reduced supply ofcopper to
the melanogenic mechanism. Consistent with Hunt's proposal, ananalysis oftyrosinase activity in extracts of
hair bulbs from Brindled (Mob') and Blotchy(Mob") mice indicates that reduced melanogenesis is associated
with restricted availability of cbpper. Although tyrosinase activity in 35,000 g supernatants of hair bulb
homogenates of mottled mice is reduced compared to that of non-mottled controls, addition ofcopper to the
former but not the latter supernatants strikingly increases tyrosinase activity as measured in polyacrylamide
gel electropherograms (DOPA as substrate) or by the Pomerantz radioassay (tyrosine as substrate). When
non-mottled eumelanic (C57BL/St or 6J) and pheomelanic (Y/Wi) mice are placed on a copper-deficient
diet, hair pigmentation and tyrosinase activity are reduced. As in mottled mice, the addition of copper to
35,000 g supernatants of hair bulb homogenates from copper deficient mice markedly increases tyrosinase
activity. In both cases, the enhancement is restricted to the T, variety. Copper supplementation appears to
enhance the activity primarily of soluble tyrosinase. Thus, genetically and dietarily copper deficient mice
probably synthesize tyrosinase protein in excess of available copper. In copper deficient yellow (Ay) mice the
reduction in hair pigmentation is accompanied by a shift to "eumelanin" synthesis.
Development and Regression of Cutaneous Exophytic Melanomas in Sinclair (S-1) 54
Miniature Swine. Reuel R. Hook, Jr., Marsa D. Aultman, Larry E. Millikan, Ronald
W. Oxenhandler, Edward H. Adelstein. Univ. of Missouri-Columbia, MO
This experiment was designed to study the development, growth, and regression of cutaneous exophytic
melanomas in the offspring of selected breeding groups of Sinclair (S-1) miniature swine. Breeding combina-
tions were mated as follows: melanoma males X melanoma females, melanoma males X normal females. The
incidence of melanocytic lesions was higher in progeny from matings in which both parents were melanoma
animals than in progeny from any other breeding combination; selective breeding increased the incidence of
cutaneous exophytic melanomas from 11 to 98%. Exophytic melanomas developed congenitally and after
birth; 24%o of the exophytic melanomas that occurred after birth developed from flat melanocytic lesions
while 76% of the new exophytic melanomas developed at a site previously free ofanydetectable melanocytic
lesion. No exophytic melanomas developed in progeny of normal parents. Regression of melanocytic lesions
began at 3 months of age and by 7 months of age 40% of the exophytic melanomas and 90% of the flat
melanocytic lesions had completely regressed. Unlike tumor development, the incidence oftumor regression
did not appear to be influenced by parental phenotype. In some instances, partial regression of exophytic
melanooas was followed by subsequent progressive growth after partial regression. Regrowth of exophytic
melanomas was not observed after complete regression.
Cytological Aspects of Regressed Human Malignant Melanoma. Y. Hori, M. Masu- 55
zawa, S. Takezaki, H. Arai. Kitasato Univ. School of Medicine, Sagamihara,
Kanagaua, Japan
Subcellular and cellular changes and cell mediated immunity of the case (a 26 year-old man) with
spontaneously regressed malignant melanoma are described. The patient developed a black tumor in the left
leg 3 years ago, but it necrotized and disappeared leaving a white macule. Afterwards, several black tumors
reappeared on his leg and foot, and regressed leaving crusted nodules, and melanotic and white macules.
However, he died of metastasic melanoma to other organs and to lymph nodes after 10 months' hospitaliza-
tion.
Examinations. Cell mediated immunity: P.P.D. skin test: positive until 4 months before his death. DNCB
test: negative throughout hospitalization. T-B cell subpopulation: no remarkable findings. Light microscopic
findings: Black nodules; groups of melanin-laden cells (tumor cells) were observed in the subepidermal
papillary layer. The size of melanin granules in these cells was relatively uniform. Crusted black lesions:
aggregated melanin-laden cells were recognized in the band-like fashion in the upper dermis. Melanotic
macules: melanin-laden cells were recognized in the upper dermis. Those melanin granules seen in the cellsXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
were varied in size. No melanoma cells were recognized. White macules: neither melanoma cells nor dopa-
positive cells were recognized in epidermis and dermis. Electron microscopic histochemical findings: High
levels of acid phosphatase activity were recognized in the melanosome complex-containing cells in which
individual melanosomes were also observed.
When the melanoma regressed, melanosome complexes might have arisen in melanoma cells by autophagy.
Some melanophage-like cells in regressing melanoma appeared to be effete melanoma cells.
56 Pigment Cells of the Rhesus Monkey Eye in Culture. Funan Hu. Oregon Regional
Primate Research Center, Beaverton, OR
The eyes of rhesus monkeys possess two lines ofpigmented cells: those ofthe pigmentepithelium and those
of the uveal tract, also known as stromal melanocytes. The two lines differ in origin, morphology, and time of
development. They also behave differently when grown in culture. In primary cultures of early embryos
before the uveal pigment cells become fully differentiated, they contain no pigment and can be identified only
by electron microscopy or cytochemically by a positive dopa reaction. Their enzyme activity appears to have
an inverse relationship with the degree of melanization of their intracytoplasmic melanin granules. The
enzyme activity is at its peak in embryos before melanin deposition takes place and declines when the cells
become fully melanized. The fully differentiated cells do not appear to synthesize DNA actively and do not
replicate in culture. They survive in medium containing high concentrations ofcytosine arabinoside. Indeed,
using this method we can selectively kill the actively DNA-synthesizing cell populations and prepare a pure
culture of these cells. The pigment epithelium is fully melanized and loses its enzyme activity early in
embryonic life. But these cells are able to proliferate in culture under favorable conditions. We willextend our
observations on the growth characteristics of these two lines ofcells in culture and study their behavior and
interaction with other cell types in their surroundings.
57 Interconversion Between Amphibian Chromatophores in Clonal Culture. Hiroyuki
Ide. Nagoya Univ., Nagoya, Japan
Three kinds ofchromatophores are observed in the tail skin ofbullfrogtadpoles. Melanophores containing
melanosomes show melanin dispersion after the addition of MSH. Iridophores laden with reflectingplatelets
contract by the same hormonal treatment. Xanthophores with pterinosomes show no response to MSH.
We succeeded in the clonalculture ofthese chromatophores. Melanophores retained the activity ofmelanin
synthesis and the reactivity to MSH during proliferation. Iridophores and xanthophores, however, lost
respective pigment organella during proliferation, and instead newly formed melanosomes were observed by
light and electronmicroscope in the cells. These melanized cells showed melanin dispersion afterthe addition
of MSH. These results indicate the conversion of iridophores and xanthophores into melanophores during
the proliferation in our culture conditions.
On the other hand, some clones of melanophores formed the reflecting platelets during proliferation in the
medium containing cyclic AMP and guanosine. Guanine, the main component of reflecting platelets, was
identified in these iridescent cells. Premelanosomes were also observed in these cells, suggesting that both
types of pigmentation occurred in an iridescent cell.
The differentiated state of these chromatophores is changeable by some environmental factors such as
medium composition.
58 How Long Should BCG Be Administered to the Patient With Malignant Melanoma?
R.L. Ikonopisov. Institute of Oncology, Sofia, Bulgaria
Clinical experience is reported with viable attenuated BCG vaccine (Sofia strain) employed as anadjuvant
to the combined surgical and/or chemotherapeutic regimen in malignant melanoma. The 5 year survival of
patients treated for 3 consecutive years (1970-1972) is compared in a historical trial with groups ofpatients
(1967-1969) deprived of BCG. Imnmunotherapy continued for one year for each patient. Survival is reported
for periods following cessation ofimmunotherapy. These studies reveal that the immunostimulatoryeffect of
BCG is exhausted by the end of the follow-up period, survival being almost identical in both groups under
study. Comments and suggestions are offered on the problem ofhow long should BCG be administered to the
patient with malignant melanoma. It is pointed out that a variety ofapproaches may be considered to cope
with the necessity of preserving immunity.
59 Comparison of Structural Properties of Melanosomes in Harding Passey and B16
Mouse Melanoma. K. Jimbow, M. Kato, A. Makita, M. Chiba. Sapporo Medical
College, Sapporo, Japan
Mouse melanoma of Harding Passey (HP) and B16 produces the melanosomes (MS) comparable in the
degree ofmelanization, shape and internal structure, i.e., highly melanized, spherical and granular MS in HPXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
and less melanized, ellipsoidal and lamellar MS in B16. Our study is concerned with a comparison of the
structural properties ofthese ultrastructurally different Ms's. Purified MS were solubilized and their constitu-
ents were isolated and compared biochemically and immunologically. Solubilization of MS followed two
processes. First, MS were treated with non-ionic detergent to release the tyrosinase (TY) and also external
contaminants associated with MS. The structural properties were then dissociated with urea. The TY was
purified by DEAE cellulose, hydroxylapatite and affinity chromatography coupled with tyrosine and dopa.
The specific activity of TY in HP was higher than that in B16. Tyrosine and dopa affinity columns were
effective for purifying TY from both HP and B16, i.e., 100o recovery in tyrosine and 85% in dopa columns.
The TY in HP and B16 showed the molecular weight similar to, but the kinetic constants distinct to, each
other. On immunoelectrophoresis TY of HP and B16 MS possessed the same antigenicity to the antibodies
elicited against non-MS TY of HP. Treatment with urea released 30%0 ofmelanin and protein complexes from
HP and 40%0 from B16. In these materials the proteins were estimated 30%0 in both HP and B16. Chromatog-
raphies with sepharose 6B separated the heavily and lightly or least melanized fractions in both HP and B16.
On DEAE sepharose the least melanized fractions, i.e., 40-50%0 of total solubilized proteins revealed the
elution profiles that are common and unique to each form of MS.
Cytoskeletal Structures of Human Melanoma in Vitro. T. Kanzaki, K. Hashimoto. 60
VA Hospital and The Univ. of Tennessee, Memphis, TN
An ultrastructural comparison was made in cell morphology and cytoskeletal structures in spindle-shaped
melanoma cells, which were rounded up either spontaneously or by the following treatments in vitro: (I)
mechanical detachment ofcells from substrate, (2) cytochalasin B, (3) Colcemid, (4) combination ofcytochal-
asin B and Colcemid, (5) local anesthetics, (6) trypsin and (7) changing culture medium (a) from theophylline-
containing medium to theophylline-free medium or (b) from serum-free medium to serum-containing
medium. Cytoskeletal structures of human melanoma cell (KHm-l line, J. Natl. Cancer Inst., September,
1977) were composed of 6 nm microfilaments (MF), 10 nm thick MF and 25 nm microtubules (MT). Thin
MF together with thick MF comprised submembranous microfilaments (SMMF). The amount of SMMF
was varied and depended upon how cells were made round. Since general cell morphology was the same
(round) in any treatment, but the amount of SMMF was greatly varied, it was concluded that SMMF may
not play an important role in controlling cell shape in melanoma cells. Thick MF and MT were decreased
whenever cells were made round regardless of the types oftreatment used. Therefore, thick MF and MT were
thought to be related to cell shape. Thin MF were greatly reduced by cytochalasin B but not at all by local
anesthetics. This suggests that the mode of action of anesthetics on cytoskeletal structures is probably
different from that of cytochalasin B; this contradicts the results reported by Poste et al. (Proc. Nat. Acad.
Sci. USA 72:4430-4434, 1975).
Characterization of Human Hairbulb Tyrosinase: Properties of Normal and Albino 61
Enzyme. Richard King, Carl Witkop, Jr. Univ. of Minnesota, Minneapolis, MN
Properties of human anagen hairbulb tyrosinase were analyzed with an assay system that determined the
production of 3HOH with the oxidation of L-tyrosine-3,5-3H to L-dopa-5-'H. Tyrosinase activity could be
quantitated with a single and with a pooled hairbulb assay technique. Activity with normally pigmented hair
was lowest with blond (mean=1.1 pmoles tyrosine oxidized per 120 min) and highest with red (mean = 3.6
pmoles/ 120 min) hairbulbs. Activity for brown and black hairbulbs was intermediate.
Hairbulb tyrosinase activity in six tyrosinase-positive oculocutaneous albinos could be segregated into two
groups: three had moderate activity (range 1.6-1.9 pmoles/ 120 min) similar to brown and black hairbulbs,
and three had high activity (range 2.8-4.0 pmoles/ 120 min) similar to or greater than red hairbulbs.
Kinetic studies of tyrosinase from tyrosinase-positive albino and normally pigmented hairbulbs were
performed. K" for tyrosine as substrate was 0.6-4.4 X 10-'M for normal and 1.2-4.0 X 10-'M for albino
tyrosinase. Km, for dopa as cofactor was 0.7-1.4 X 10-6M for normal and 1.2 X 10-6M for albino tyrosinase.
The tyrosinase-positive albino tyrosinase appears to be kinetically normal and the defect for this form of
albinism must be elsewhere in the melanin pathway.
Conditions for Reproducible Physical Measurements on Melanins. D.S. Kirkpatrick. 62
Baylor College of Medicine, Houston, TX J.E. McGinness. Univ. ofTexas, Houston,
TX W.D. Moorhead. Youngstown State Univ., Youngstown, OH P.M. Corry. Univ.
of Texas, Houston, TX P.H. Proctor. Baylor College of Medicine, Houston, TX
Measurements of the physical properties of melanins have not been sufficiently reproducible to distinguish
between melanins, even when temperature, light exposure, and pH were adequately controlled. Here we
identify the previously uncontrolled variables as (1) degree of hydration and, (2) length of time elapsed after
initial hydration. Using the technique of time domain reflectometry (TDR) we simultaneously measuredXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
conductivity, static dielectric constant, and dielectric relaxation time ofhydrated melanosomes and synthetic
melanins. Because these variables were measured simultaneously, the.y were determined at exactly the same
hydration levels. Varying the hydration generated a family ofcurves which were reproducible and characteris-
tic, although not necessarily unique for each type of melanin. Acid-base titratition curves were reproducible
and characteristic ofchemical classes of melanin. These techniques present for the first time the opportunity
to relate physical properties of melanins to their chemical structure. Dehydrated melanin had a static
dielectric constant near I and conductivity below 10-13 (Q1-cm)-'. The conductivity of hydrated melanin
increased approximately one decade per 20 percent water to about 50%0 hydration. The dielectric constant of
dehydrated melanins increased monotonically with increasing hydration. These values require at least 24
hours after initial hydration to reach their equilibrium values.
63 Biologic Characteristics of Proliferating Guinea Pig Melanocytes. Sidney N. Klaus.
Yale Univ., New Haven, CT
Nests ofproliferating pigment cells can be induced in monolayer cell cultures ofguinea pigepidermis when
young animals are used as the source of the cultures, and when the preparations are maintained for three
weeks or longer. In this study the biologic characteristics of the populations of dividing melanocytes were
determined.
The dividing cells formed shorter dendrites and larger perikaryons than their non-dividing counterparts.
The cells also migrated slowly and they demonstrated contact inhibition of movement. The pigmenting
capacity of the cells decreased with time. Electron microscopic examination showed fewer melanosomes in
dividing melanocytes than in non-dividing controls.
The mitotic cycle of the proliferating cells was measured using time lapse cinemicrography. The average
duration of the cell cycle (M to M) was 35 hours (range: 31.5 to 41.5 hours). The average duration ofmitosis
was 37 minutes.
The capacity of the dividing cells to resume normal pigment activity was tested by injecting suspensions of
the cultured cells into non-pigmented areas of skin of autologous animals. Within two weeks, pigmented
macules developed at the injection sites, and over the next three months the spots enlarged slowly. DOPA-
stained epidermal sheets taken fromthe injection sites showed normally functioningepidermal-melanin units.
64 Unusual Ultrastructural Features of a Human Melanoma. Sidney N. Klaus. Yale
Univ., New Haven, CT
During an electron microscopic examination ofpigmented nodules removed from a patient with metastatic
malignant melanoma several unusual variations in the cellular fine structure of the melanoma cells were
noted. Many of the changes involved the cell's membrane system and included structures such as annulate
lamellae, concentric lamellar bodies, oligocilia, and paranuclear crystalloid inclusions. Other changes in-
volved the nuclei and included reduplication of the nuclear envelope and the presence of nuclear blebs and
intranuclear tubules. Viral-like particles were identified in the cytoplasm and intramitochondrial densities
were also noted.
Many of the unusual features seen in this study have been reported in animal melanomas, but they have
been seen rarely in humans. At the present time there is insufficientevidence toassign a functional role to any
of these structures; it is possible that they represent an atypical or exaggerated response to rapid cell
proliferation.
65 Biochemical Aspects of a Melanocyte Contact Inhibitory Factor (MCIF). M.E.
Knecht, G. Lipkin. New York University, New York, NY
A glycoprotein of MW
- 160,000 is the major component ofa diffusible factor(MCIF) which was detected
in culture media of contact inhibited hamster melanocytes, isolated on sephadex G200 columns and by a
preparative PAGE, and which restores contact inhibition ofgrowth to malignant melanocytes. Cell homogen-
ate fractionation on discontinuous sucrose gradients revealed this protein in structures of density 1.1
g/cm3-1.18 g/cm3 including endoplasmic reticulum and plasma membrane. Both contact inhibited and non-
contact inhibited melanocytes contain the protein, the latter cells in much reduced amount, but it is released
into culture medium only by the contact inhibited cells. It is anacidic protein with anacid/base ratio of2.04.
MCIF caused an early pronounced rise in cAMP and fall in cGMP which preceded morphologic changes and
contact inhibition of growth. A protein electrphoretically identical to the major component of MCIF on
PAGE was detected in human epidermal and mouse fibroblast cultures; the analogous epidermal isolate
exhibited biological activity in vitro similar to that of MCIF. The major MCIF protein was absent from
culture media of malignant melanomas, colon carcinomas and HeLa cells, and reduced in that of SV40-
transformed fibroblasts. MCIF may facilitate cell-cell interactions required for the generation of signals
leading to cessation of growth.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
Active Specific Immunotherapy for Stage II Malignant Melanoma. Eva-Maria 66
Kokoschka, II, Michael Micksche. Univ. of Vienna, Vienna, Austria
Prognosis in patients with malignant melanoma in which disease has reached regional lymphnodes is rather
poor. For this reason, in 1974 an immunotherapy study for patients in clinical stages II and III was initiated.
Patients were treated by i.d. injections ofautologous soluble tumor antigens which had been mixed up with
BCG (Pasteur) doses. Tumor associated antigens have been characterized by SDS-gelectrophoreses and also
investigated by DHCR and with the lymphocyte migration inhibition assay. By monitoring patients immune
reactions with these tests before therapy, only one-third revealed a positive reaction against the autologous
antigens. These investigations were repeated three months after start oftherapy and a pronounced increase in
general and especially in tumor specific immunity could be demonstrated. Up to now 20 melanoma patients in
clinical stage II have been treated with this active specific immunotherapy after surgical removal ofall tumor
mass. In an observation period up to 33 months only 6 patients relapsed. According to the survival time data,
4 patients are tumor free up to 33 months and 8 patients for more than 12 months. In 12 patients the
observation period is less than 12 months. In comparison to a group treated by surgery alone and the data
obtained from literature (Gutterman, Pinsky, Morton) we think, that by this active specific immunotherapy it
was possible to increase the relapse-free interval, and also increase survival time in patients with stage II
melanoma. According to the data obtained in this study a randomized clinical trial has been initiated for
demonstration ofthe significance oftherapeutic effectiveness ofthis method incomparison to othertreatment
modalities.
Transfer RNA Differences Between Swine Normal and Melanomic Tissues and Cell 67
Strains. Shirley A. Kovacs, Paul F. Agris. Univ. of Missouri-Columbia, MO
Transfer RNA has been shown to be involved in the regulation of amino acid metabolism and protein
synthesis. Changes in tRNA may play a role in a mis-regulated metabolism oftyrosine and unnatural growth
in melanomic neoplasms. A swine melanoma model ofthe human counterpart has been studied in this regard.
Long term cell cultures have been established from biopsy and autopsy samples of both swine melanoma
lesion and swine normal skin. The cultures have transferred up to 18 passages, corresponding to an estimated
75-85 cell divisions (22 weeks). Cultures have an estimated cell cycle time ofabout 40 hours. Morphological
studies ofthe cultures have been conducted using phase and electron microscopy; and indicate the continued
cellular production of melanin. Utilizing a (32P)-phosphate labeling technique, transfer RNA nucleotide
analyses have been performed on primary biopsy samples and subsequent culture passages ofboth tumorand
normal skin. The relative amounts ofguanosine plus cytosine were found to be greater in tRNA from normal
than melanomic tissues (64.1 mole% G + C versus 57.7 mole % G + C, respectively), indicating a difference in
the tRNA populations. In addition, a slight increase in G + C/A + U ratio has been detected with increasing
culture passage, indicating an adaptation of the tRNA population to the growth of cells in culture. Initial
amino-acylations oftyrosine tRNA have shown the presence of larger amounts ofthese isoaccepting tRNA's
in normal than in melanomic tissues.
Calcium as the Second Messenger of the Red Pigment Concentrating Hormone 68
(RPCH) in Ovarian Erythrophores of Palaemonetes pugio. Drew T. Lambert. Yale
Univ., New Haven, CT Milton Fingerman. Tulane Univ., New Orleans, LA
The large ovarian erythrophores of the shrimp Palaemontes pugio are controlled by two opposing
hormones-one causing dispersion of pigment (RPDH), the other bringing about pigment concentration
(RPCH). The action ofthe former appears to be mediated by cAMP, therefore an attempt was made to find
the second messenger for the latter. The erythrophores of isolated ovaries, incubated in physiological saline
containing 10 mM cGMP, do not concentrate their pigment; they do, however, undergo a reversible change in
pigmentation. Incubation in saline containing the ionophore A23187 (25 AM) does result in pigment
concentration. If dispersed when first exposed to A23187, the ionophore-treated cells can be induced to
disperse or concentrate their pigment at will, byexposingthem to Ca"-free/EGTA orCa'-containing saline.
If punctate when first exposed to the ionophore, no significant dispersion occurs. When pre-incubated with
Ca++-free/EGTA saline, the erythrophores respond to RPCH initially by concentrating their pigment, then
dispersing it. Addition of 2 mM tetracaine to the above saline inhibits both concentration and redispersion.
Replacing the CaCk2 of normal saline with 10 mM LaCl3 inhibits the action of RPCH. The pigment-
concentrating effect of A23187 in Ca"-containing saline is not inhibited by 25 mM colchicine, although this
drugdoes inhibit the redispersion which normally follows exposure to a Ca'-free/EGTA saline. Cytochalasin
B (10 M!g/ml) reversibly inhibits A23187/Ca"-induced pigment concentration.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
69 New Alleles at the Agouti Locus (A) in Domestic Ruminants. J.J. Lauvergne.
National Institute of Agronomic Research, Jouy-en-Josas, France
With goats, crossing between French Alpine and Poitou strains results in an allelic series that can be termed
A' (black and tan, very similar to the reversed badger-face in sheep), Ab (badger-face) and a (black). The a-
gene is recessive to both A' and Ab. Genes A' and Ab interact, resulting in a very similar pattern to that of the
wild goat, which, nevertheless, may be considered as due to another allele.
With sheep, the patterns of the Hampshire and Shropshire (black-haired extremities with white wool on the
body), as well as that of the Wensleydale or Bleu du Maine (black/blue skinned extremities with white wool
on the body), can probably be taken to be the result of alleles at the Agouti locus.
With cattle, as with sheep and goats, considerable account must be taken of allelic interaction and it must
also be kept in mind that phoeomelanin tends to either disappear shortly after birth or not to appear at all.
Likewise, it can be considered with reasonable certainty that the silver-grey coloration of many Zebu breeds,
as well as of the Gascony breed in France and some Italian breeds (such as the Piemontese, Chianina and
Romagnola), is due to an allele in A (A'). Some years ago, we detected a black and tan phenotype in Zebu
from Madagascar (A). It is also possible that the so-called "blackish pattern" existing in the Jersey (fawn with
black belly) referred to by American authors, is due to a gene ofthe badger-face type (A"). On the other hand,
the dominant black in cattle must be considered as non-allelic to Agouti, but probably as at the Extension
locus.
70 The Future Risk of Malignant Melanoma. J.A.H. Lee, Riley W. Stock. Univ. of
Washington, Seattle, WA
The incidence rate of malignant melanoma has been rising steadily in white populations, and this is
considered real by those responsible for the registries. Mortality rates from all skin cancer below the age of65
rose from the early years of this century in the U.S. and Britain. This rise has levelled off in recent years,
probably due to earlier diagnosis of the tumors and hence better survival. Estimating future rates has become
important because of changes in the UV flux produced by the effects of human activities on the ozone layer.
In particular it is important to decide whether the long term changes in rates are due to generation differences
in risk, or to a secular trend in the rate ofchange with age. The predictions ofthe alternative models are quite
different. Currently, it appears that generation differences are dominant.
71 MSH-Specific Desensitization of MSH-Sensitive Adenylate Cyclase System of
Mouse Melanomas. Teh H. Lee, Mang S. Lee. VA Hospital and Albert Einstein
College of Medicine, Bronx, NY
Transplantable mouse melanomas (Harding-Passey, Cloudman S 91 and B-16) possess an adenylate
cyclase system which is hormonally specific to MSH activity ofpeptide hormones. Using homogenates ofthe
tumor or isolated melanoma cells labelled with [8-'4C] adenine, a 3-fold or 10-fold stimulation of the
adenylate cyclase activity was observed, respectively. When MSH was injected to mice carrying these tumors
to affect an increase of the tyrosinase activity and the rate of melanin accumulation of the tumor, it was
observed that there essentially was no change in the basal activity ofthe adenylate cyclase system ofthe tumor
from treated mice as compared to that of the control tumor. It was also observed that the adenylate cyclase
system of the treated tumor exhibited a considerably reduced capacity to respond to MSH stimulation. This
reduction in responsiveness was hormone-specific because the capacity to respond to prostaglandin PGE,
remained unchanged. Since the basal activity was not reduced, it is concluded that the reduction in
responsiveness is the result of a desensitization of the enzyme system to MSH stimulation. It appears that
MSH possesses two actions on the adenylate cyclase system of mammalian tumor melanocytes, (a) stimula-
tion ofthe enzyme system, (b) stimulation ofan unknown process which desensitizes the enzyme system to its
own action. This desensitization has been observed in other hormones as well and appears to be a common
phenomenon. It probably plays a regulatory role on the cellular responsiveness to hormonal actions and the
intracellular level of c-AMP; and may be related to the development of tolerance in cells.
72 Ocular Findings in Patients with Vitiligo. A.B. Lerner, J.J. Nordlund. Yale Univ.,
New Haven, CT D.M. Albert. Harvard Univ., Boston, MA
White patches ofskin and grey hair occur in individuals with vitiligo because the melanocytes are destroyed
in the skin and hair follicles. In Vogt-Koyangi-Harrada Syndrome and in rare cases of sympathetic ophthal-
mia, vitiligo has been reported in association with uveal inflammation. In most patients with vitiligo a striking
aspect is that no matter how extensive the pigment loss and how great the duration ofloss, the color of the
irides under ordinary observation does not change. A study was carried out to determine ifmelanocytes in theXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
eye are sufficiently different from those in the skin to be unaffected in vitiligo. Examination ofthe eyes of 51
patients with vitiligo revealed focal pigmentary disturbances in 27 of 51 individuals. The lesions were
suggestive ofchorioretinitis or atrophy ofthe pigment layers. Iris changes were rarely seen; when present, they
required examination with the slit lamp biomicroscope for demonstration. It is suggested that a combination
of immunologic and cytotoxic mechanisms produce the loss of melanocytes. In support of this are the
findings that when the skin ofa new patch of vitiligo is examined microscopically, evidence of an inflamma-
tory reaction is seen. There are well documented instances of patients with melanoma and vitiligo who
develop uveitis. The possibility is raised that vitiligo may occur in association with a wide spectrum of
inflammatory disorders of the uveal melanocytes and retinal pigment epithelium and may possibly involve
other systems as well. Vogt-Koyangi-Harrada disease may represent one extreme of this spectrum.
Progressive Dermal Melanocytosis in a Woman with Terminal Melanoma, A Human 73
Condition Analogous to Equine Melanotic Disease. Arnold Levene. The Royal
Marsden Hospital, London, England
During a period of 36 years a woman developed innumerable dark cutaneous flecks due to dermal
melanocytosis. After a brief illness she died with disseminated melanoma characterized histologically by the
preponderance of melanophages and relatively inconspicuous tumor cells. Over a limited spectrum there are
striking similarities to the behavior ofequine melanotic disease. The case is reported in full and discussed in
its relationship to dermal melanocytosis in general and equine disease in particular.
Clonal Variants ofa Human Malignant Melanoma Cell Line: Biological and Immun- 74
ological Characteristics. S.K. Liao, P. Kwong, P.B. McCulloch, P.B. Dent. McMas-
ter Univ. and the Ontario Cancer Foundation, Hamilton, Ont., Canada
Three sublines from a human melanotic melanoma cell line were established by the microtest plate cloning
procedure with a success rate of approximately 1%. These clones were distinguishable from one another on
the basis of their unique and homogeneous cellular morphology, each with a characteristic melanin-
producing capacity and in vitro growth pattern. The homogeneity of individual clones was indicated
cytogenetically by a sharp modal number with I or 2 chromosome markers. Three other marker chromo-
somes common to all the 3 clones were also identified. Malignant potential was verified by their ability to
form solid tumors in nu/nu athymic mice with varying TPD50 (cell dose required for producing tumors in
50% animals tested). While no associations or interdependence among in vitro doubling time, saturation
density and plating efficiency were observed, each of the latter 2 parameters were inversely correlated with
TPD5o. The most tumorigenic clone was the most poorly differentiated in terms of both in vitro and in vivo
cellular morphology. Immunological studies with 3 appropriately absorbed primate xenogeneic antisera in
the mixed hemadsorption micro-assay indicate common melanoma-associated antigens on the 3 clones as
well as the parental line. These clonal sublines have maintained stable morphologic, growth and pigment-
producing features for over a year and therefore they may provide more homogeneous substrates for further
biologic, biochemical and immunologic studies.
Melanocyte Contact Inhibitory Factor (MCIF): Restoration of in Vitro Growth 75
Control to Malignant Melanocytes. G. Lipkin, M.E. Knecht, M. Rosenberg. New
York Univ., New York, NY
Contact inhibition of growth (C.I.) is one aspect of in vitro growth control whose loss is closely correlated
with in vivo malignancy. A glycoprotein-containing factor (MCIF), isolated from conditioned medium of
cultures of contact inhibited hamster melanocytes, transfers capacity for such growth control to malignant
melanocytes of man, mouse, and hamster. Addition of MCIF to subconfluent melanoma cultures produces
G, growth arrest at confluence; cultures undergo characteristic morphologic changes from disoriented,
pleomorphic, multilayered overgrowth to well-oriented, fibroblast-like monolayers. Expression of the effects
of MCIF requires synthesis of protein and RNA as well as integrity of microtubules and microfilaments.
Exogenous dbcAMP, although growth inhibitory, neither duplicates the morphologic effects of MCIF,
causes its release, nor reverses loss of C.I. resulting from inhibition of cytoskeletal elements; exogenous
MCIF, however, promptly alters cyclic nucleotide levels. A protein electrophoretically identical to the major
protein in MCIF is also produced by non-contact inhibited malignant melanocytes, but is not spontaneously
released into culture medium; its presence is revealed by mild tryptic treatment of intact melanoma cells.
Growth inhibitory effects of MCIF are potent, dose-related, and transcend tissue barriers. Inhibitor(s) of
proteolytic enzymes are also present in MCIF and are distinct from the major MCIF glycoprotein. Both the
protease inhibitor(s) and glycoprotein may be necessary for full expression of the biologic effects of MCIF.
MCIF may be the prototype for a class of surface-active growth regulatory macromolecules mediating
normal social behavior of melanocytes.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
76 The Autologous Serum Mediated Leucocyte Migration Inhibition Test in Patients
with Malignant Melanoma. Rona M. MacKie, A.M. Jackson, L.J. Ogg, A.J. Coch-
ran. Western Infirmary, Glasgow, Scotland
In a search for in vitro predictors or correlates oftumor growth and metastatic spread, we have investigated
the effect of autologous serum from malignant melanoma patients on the migration of peripheral blood
leucocytes from capillary tubes. No other source of antigen or other inhibitory factor was added to the
cultures.
26 patients have been followed over periods varying from 6-36 months and the effect ofautologous serum
(AS) on leucocyte migration (LM), and studied at intervals of not less than 4 weeks. In 24 ofthese patients
significant inhibition of LM by AS was observed in 2 or more sequential occasions, and in 22 of these
situations these observations preceded or coincided with clinically detectable tumor growth. The inhibition of
LM by AS preceded clinical changes by a time interval ranging from 4-16 weeks. No patient has to date been
studied in whom clinically detectable tumor growth was not accompanied by inhibition of LM by AS.
Preliminary fractionation studies on positive and negative serum samples suggest that this inhibitory
activity lies in the 11-12 S region, an area in which complexes of 7 S antibody and antigen would occur.
The observation of inhibition of leucocyte migration in the presence of autologous serum is thus recom-
mended as a useful test in routine postoperative surveillance of melanoma patients.
77 Organization of Mitochondrial Forms in Cells from a Human Melanoma. Arlene P.
Martin, James F. Koukl, Larry E. Millikan, Marie L. Vorbeck. Univ. of Missouri,
Columbia, MO
Based on ultrastructural studies, mitochondria (MT) of human melanomas have been characterized as
either elongated forms with numerous cristae or as spherical forms. Our previous studies on raised melano-
mas of Sinclair S-l swine, using serial sectioning-reconstruction techniques, have shown that MT three-
dimensional form (i.e., a relatively simple versus complex, branched structure) is a more meaningful concept
of MT organization within malignant melanocytes.
MT three-dimensional structure was determined in a cutaneous metastatic melanoma from a patient with
recurrent melanoma. Nests of malignant melanocytes were distributed along the dermal-epidermal junction
and scattered within the dermis. Malignant melanocytes contained numerous melanosomes within the
cytoplasm; however, there were some areas which were relatively free of melanosomes. MT profiles were
localized in these areas. Using serial sectioning-reconstruction techniques MTstructure waseither traditional
sphere and rod forms or complex, branched forms. Both MT forms were found within the same malignant
melanocyte. Larger areas of the cytoplasm, relatively free of melanosomes contained predominantly the
complex, branched MT forms. In marked contrast, the simple sphere and rod forms were localized in the
smaller areas which were free of melanosomes. Examination of random single sections did not show the
complex organization of either the individual MT forms of their spatial relationship to melanosomes within
the malignant melanocytes.
78 Morphological and Physiological Events Associated with Pterinosome Translocation
in Swordtail Fish Erythrophores. Jiro Matsumoto. Keio Univ., Yokohama-Hiyoshi,
Japan
Swordtail fish erythrophores represent dynamic responsibility to adequate physiological stimulations by
translocating their pterinosomes. In the present study, this phenomenon was analyzed using their primary
culture by means ofscanning and transmission electron microscopy, and photoelectric recordingtechniques.
Evidence obtained indicated that (1) a series of drastic changes occurred in their cell shape and surface
morphology during transition from a dispersed to an aggregated state, most of which were comparable in
appearance to mitotic round-up; (2) pterinosome-dispersing agents such as cyclic AMP, dibutyryl cyclic
AMP and theophylline induced the formation of numerous finger-like projections along cell peripheries,
suggesting the occurrence of migratory track assembly prior to pigment dispersion; (3) aggregation of
pterinosomes were associated with system(s) sensitive to colchicine while dispersion was so with that to
cytochalasin B; (4) the photoelectrically recorded pattern of pterinosome movements was different between
centrifugal and centripetal translocations, implying possible manipulation of different driving principles in
respective phases.
79 The Melanosome: Cytoprotective or Cytotoxic? John McGinness. Anderson Hospi-
tal, Houston, TX Ryusuke Kono. National Defense Academy, Yokosuka, Japan
The concept of the melanosome as an inert biopolymer is in conflict with recent experimental evidence that
melanin is an unusually efficient energy conversion device, capable of cytotoxic as well as cytoprotectiveXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
action. Cytoprotection is observed with the conversion of ultraviolet photons or excited state energy of free
radicals into phonons (heat). This single mechanism can account for the presence of melanin in nonillumi-
nated areas, as well as the skin. Cytotoxic action has been achieved by driving this process in reverse.
Melanocytes are killed in vitro by ultrasound (phonons) in proportion to their melanosome content. The
number of cells killed by a given dose of ultrasound delivered to cells with equivalent melanosome content
increases sharply with temperature from 70C to 370C. Similarly, the absorption coefficient for melanin
exposed to 1 MHZ ultrasound increases drastically in the same temperature range and reaches a value
approaching total absorption at 400 C. This experimental evidence strongly suggests that the absorption of
energy from the ultrasound (phonons) is the initial step of the cytotoxic events, and that the melanosome
converts the phonon energy into cytotoxic products. The concept of the melanosome as an energy conversion
organell is in agreement with experimental data and suggests a spectrum of possible biological interactions.
Cytotoxic effects of chlorpromazine in the pigment epithelium and of Kanamycin the the inner ear, which are
melanin binding drugs, probably involve melanosome catalyzed production ofcytotoxic products. Finally the
free radical (ESR) content of the melanins appears to be the result of singly occupied electronic states capable
of direct coupling to free radical reactions.
Ultrastructural Changes in the Epidermal Melanin Unit in Macular Amyloidosis. M. 80
Medenica, and A.L. Lorincz. Univ. of Chicago, Chicago, IL
A 66 year old Asian Indian man presented with a nonpruritic, mottled, macular hyperpigmented eruption
on his trunk and limbs of one year's duration. This eruption clinically was consistent with macular amyloido-
sis. Light microscopy examination showed small homogenized pink deposits in the papillary dermis. These
deposits did not show amyloid type staining with congo red or crystal violet. Transmission electron micros-
copy, however, clearly showed that these deposits consisted of amyloid filaments. It was also observed that
keratinocytes, immediately adjacent to melanocytes, showed edema, cytolytic changes and rarefaction of
tonofilaments. The melanocytes appeared darker with uranium and lead stain than other cells and had
increased numbers of microfilaments.
Small portions of damaged cytoplasm from the adjacent keratinocytes protruded into the papillary dermis
through gaps in the basal lamina in these areas. These bits of damaged keratinocyte cytoplasm were also
observed entirely separated from the basal layer as floating fragments in the papillary dermis. Focal
reduplications of the basal lamina and numerous melanophages were also seen.
The cytolytic changes observed only in keratinocytes adjacent to active melanocytes suggests injury from
some diffusible material coming from the melanocytes. A possible speculation is that some toxic quinone type
phenolic oxidation product is generated via the melanin forming enzymatic mechanism.
A Study on the Origin of Urinary Metabolites. C.W. Mehard, P.W. Banda, M.S. 8
Blois. Univ. of California, San Francisco, CA
This study inquired into the origin of melanogens. Single and double radioisotopic labelling experiments
were performed with tyrosine and 3,4-dihydroxyphenylalanine (DOPA) to search for a correlation of
chromatographic peaks among the metabolites from enzymatic reaction mixtures, tumor homogenates,
culture medium oftissue slices, cell suspensions, and urine from melanoma bearing hamsters. The metabolites
were chromatographed (LC) and the fractions collected were counted by liquid scintillation. DOPA was
present in all of the samples assayed. Two unknown peaks found in the urine with retention times less than
that of DOPA were also present in the tumor extracts (determined bydirect assay ofa high speed supernatant
of the tissue homogenate) and the enzymatic reaction mixtures. An additional peak with a retention time
between that of DOPA and tyrosine was present in the medium of the melanoma slices, cell suspensions,
tumor extracts and the urine. The tumor extracts also contained 2,S-cysteinyldopa and 5,S-cysteinyldopa
which were the prominent products of the tyrosinase catalyzed reaction of DOPA and cysteine. The
experimental conditions and kinetics of the metabolite formation will be discussed and compared with the
metabolites formed by other tissues. Thus, the hamster melanoma melanogens released in vitro partially
correlate with those found in urine.
82
Mechanisms of Action of Melanin in Photosensitized Reactions. I.A. Menon, H.F.
Haberman. Univ. of Toronto, Toronto, Ont., Canada
The mechanisms by which melanin participates in photosensitized reactions is not known. One possible
mechanism is that it is due to the absorption ofthe radiation by melanin. On the other hand melanin is known
to contain free radicals, and can act as an electron transferagent in a few oxidation-reduction reactions. It has
been postulated that these properties ofmelanin may be responsible forthe protective action ofmelanin. This
report describes some results which could be helpful in differentiating between these two mechanisms. TheXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
hemolysis of red blood cells by ultraviolet and visible radiations in presence of protoporphyrin was used as a
test system. The addition ofdopa-melanin or benzoquinone-melanin to this system decreased the hemolysis.
A mixture of melanin and bovine serum albumin was less effective in decreasing the hemolysis than melanin
alone, although this mixture had the same absorption spectrum as melanin. The protective effect of melanin
in the above systemdecreased upon storage ofthe melanin at approximately 4°C, even though the absorption
spectrum did not alter upon the storage. Melanin decreased the hemolysis when placed in a separate container
in the lightpath; however, it was more effective in decreasing the hemolysis when added to the red blood cells
suspension. These results indicate that although the absorption of the radiation by melanin is partially
responsible for inhibiting the hemolysis, some chemical reaction(s) involving melanin seem to contribute to
this protective action of melanin.
83 Functional and Three Dimensional Differentiation of Smooth Membraned Struc-
tures in Melanogenesis. Yutaka Mishima, Genji Imokawa, Haruo Ogura. Kobe Univ.
Kobe, Wakayama Medical Univ., Wakayama, Japan
Functional and three dimensional differentiation ofGolgi apparatus and its related structures in melanoma
cells has been studied using high voltage electron microscopy tilting the thick section by a goniometer stage
and cytochemical analysis on the localization of marker enzymes. Further, biochemical assay of enzymes in
various subcellular compartments separated by density gradient ultra-centrifugation has been carried out.
The ultrastructural and three dimensional characteristics of these subcellular compartments have also been
analyzed using transmission and field emission scanning electron microscopy.
It has been found that the so-called Golgi complex is composed ofGolgi apparatus having fenestrated sheet
structures and a GERL-coated vesicle system consisting of tubular, anastomosing and cisternal portions as
well as vesicles. Electron microscopic dopa-reaction reveals that the reaction product ofdopa is localized not
only in the coated vesicles and a number of the melanosomes but also three dimensionally in the tubular,
anastomosing and cisternal portions of GERL. These dopa positive structures are distinctly different from
Golgi lamellae which is a thiamine pyrophosphatase (TPP ase) reaction positive, multi-layered sheath
structure. Biochemical studies also confirm that tyrosinase activity occurs in the GERL-coated vesicle system
within the smooth membrane structure ofpigment cells and is not localized in TPPase positive sheet structure
corresponding to the currently accepted Golgi apparatus concept.
84 The Radioimmunoassay of Tyrosinases. Kazuhiro Miyazaki, Noriko Ohtaki. Tokyo
Medical and Dental Univ., Tokyo, Japan
The immunologic cross-reaction between human and mouse tyrosinases has been described in our previous
paper. A radioimmunoassay of mouse tyrosinase is presented in this paper.
Prior to the introduction of radioimmunoassay for human tyrosinase, the following fundamental experi-
ments have been carried out. Purified mouse tyrosinases were labeled with '25I by the method of Hunter and
Greenwood (Chloramine-T method). Tyrosinase activity was diminished to some degree, but immunoreactiv-
ity was not changed significantly during the iodination procedure. The iodinated tyrosinase was purified on a
G-100 gelfiltration. Tyrosinase active fractions were eluted consistent with radioactive peaks. The elution
profile of this iodinated enzyme was almost identical to the native tyrosinase.
Following the establishment of a radioimmunoassay system for mouse tyrosinase, the antiserum against
mouse tyrosinase was shown to be available for the radioimmunoassay of human tyrosinase.
85 Internalization of Melanotropin (MSH) into Cytoplasmic Vesicles and Premelano-
somes of Cultivated Murine Melanoma Cells. G.E. Moellmann, J.M. Varga, E.
Godawska, A.B. Lerner. Yale Univ., New Haven, CT
An urgent question regarding the action of polypeptide hormones concerns the cytological events that
follow surface binding of the hormone. In melanocytes, MSH-induced rises in cAMP lead to increased
synthesis of melanin through activation of tyrosinase within melanosomes. How is the message transmitted
from cell surface to subcellular organelle? To this end a hormonally active probe was synthesized consisting of
MSH, ferritin, and fluorescein (DiPasquale et al., in press). Cloudman melanoma cells were incubated with
the probe. The ferritin label was observed at the cell surface, incytoplasmic vesicles, and in premelanosomes.
Ferritin alone neither bound to nor entered the cells. In cells stimulated with a-MSH and incubated in a
cytochemical medium for the localization of adenylate cyclase (Moellmann and Godawska, J. Cell Biol. 67,
290a, 1975), the reaction product was localized in plasma membranes, cytoplasmic vesicles, and portions of
premelanosomal membranes. These findings suggest that in murine melanoma cells, MSH-receptor-adenylate
cyclase complexes are internalized in plasma-membrane-derived vesicles that fuse with the limiting membrane
of premelanosomes. It appears, therefore, that the hormonal instructions that lead to tyrosinase activation
and melanin synthesis are carried out in a compartmentalized manner.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
Complementation Following Fusion of Two Dopa Oxidase Negative Melanocyte 86
Mutants. Jay W. Moore. Eastern College, St. David's, PA John A. Brumbaugh.
Univ. of Nebraska, Lincoln, NE
Cultures of embryonic chick melanocytes of two different genotypes are amelanotic and dopa oxidase
negative; fusion of the two types results in melanogenesis.
Recessive wheaten melanocytes (e/eY' c+/c+) make no pigment in vitro; however, chicks have melanin
present in the wing tips, indicating that the melanoblasts have the potential for melanin synthesis but are not
functioning in vitro.
Extended black melanocytes (E/Ecc') are heavily melanized with fine pigment in vitro, and chick down is
black. Melanocytes containing the recessive white mutation (c/c) are dopa oxidase negative, resulting in
amelanotic melanocytes in vitro, and white plumage in vivo. E/E c/c melanocytes produce no pigment in
culture, although large vesicles and hypertrophied Golgi complexes are observed.
Five day cultures of each genotype (EIE c/c & el/e' c+/c+) were co-cultured for one day, then fused with
inactivated Sendai virus. Lightly-pigmented multinucleated cells were observed after 24 hours. At 48 hours
post fusion, pigmented heterokaryons (determined by autoradiography) were observed at a frequency of
1/ 12,500 cells plated. Unlike E/Ec+/c+melanocytes, heterokaryons were moderately pigmented with melano-
somes of heterogeneous morphology.
Earlier observations suggest a regulatory function for the E locus and a structural role for c. Ifthis is the
case, melanogenesis occurs in heterokaryons following nuclear interaction, rather than cytoplasmic comple-
mentation.
Selective Cytotoxicity of ( -N (3-Hydroxy-4-Pryidone) a Aminopropionic Acid (L- 87
Mimosine) for Malignant Pigment Cells. L. Nathanson, T.C. Hall, T.A. Khwaja.
Tufts-New England Medical Center, Boston, MA and Univ. of Southern California,
Los Angeles, CA
The amino acid L-mimosine is found in plants ofthe Leucaena and Mimosa species and was first noted to
produce weight loss, hair loss, infertility and skin irritation in animals browsing on these plants. L-mimosine,
a structural analogue of L-tyrosine and L-DOPA, is the natural substrate for phenylalanine aminoacyl
synthetases, and is an inhibitor ofboth mushroom and melanoma-extracted tyrosinases. The aqueous soluble
hydrochloride salt was produced by gentle warming ofa 2 normal HCL solution ofmimosine with precipita-
tion in ethanol-ether. When tested on two human malignant melanoma lines in culture (JoCa,, and AICOm=7)
and on other human tumor cell lines (WFu-SKMI-l and PaWa-T12, which are non-pigmented) it was found
to demonstrate selective cytotoxicity for the pigment cell lines. A dose response curve showed significant
cytotoxicity at levels as low as .01 mcg/ml in the media, with a plateauing ofcytotoxicity between 62.5 and
500 mcg/ml. Studies in BDF-I mice bearing B-16 melanoma utilized intraperitoneal administration ofdrug
with either intraperitoneal or subcutaneous implanted tumors. A significant inhibition oftumor growth was
seen from 100 mg/kg to 300 mg/kg dose levels. At 300 mg/kg significant toxicity, evidenced by bodyweight
loss and about 20o mortality, was noted. L-mimosine appears to be an agent which possesses inhibitory
properties both for tyrosinase, and for human and murine malignant pigment tumor cell growth.
Isolation and Partial Characterization of Aberrant Melanosomal Proteins from 88
Normal and Malignant Murine Melanocytes. J.M. Nicholson. Howard Univ., Wash-
ington, DC. P.M. Montague, T.M. Ekel, V.J. Hearing. National Cancer Institute,
Bethesda, MD
Recently, our laboratory and several others have found that organelles in several malignant tumorsystems
contain proteins that differ from those in the analogous normal cells. To date, however, the characterization
of these unique proteins has been done solely by gel electrophoresis and chromatography, and the data thus
obtained has not yielded any information concerning their origins. We have isolated several ofthese proteins
by preparative polyacrylamide gelelectrophoresis ofTriton X-100solubilized melanin granules, purified from
malignant (B-16) melanoma melanocytes. These proteins were found to be remarkably similar in many
aspects to analogous proteins isolated in a similar manner from melanin granules purified from normal
(C57B1) epidermal melanocytes, yet there are significant differences. Consider the major proteins studied,
e.g., they had small but significant differences in molecular weights, isoelectric points, and hexosamine
content; their amino acid analyses indicated that, although the content of 13 amino acids was identical, the
content of four amino acids residues differed greatly. The data obtained in these studies suggest that the
unique proteins present in the malignant melanocyte are an aberrant form of the analogous proteins in the
normal melanocyte, although the mechanism affecting this has not yet been elucidated.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
89 Purification of Particulate Tyrosinase Following Tryptic Cleavage and Possible
Artifilcial Conversion of Particulate Tyrosinase to Soluble Forms in Human Mela-
noma Tissue. Kenji Nishioka. The Univ. of Texas M.D. Anderson Hospital and
Tumor Institute, Houston, TX
To examine the reported 3 forms oftyrosinase (T' faster, T2 slower migrating by gel electrophoresis (GE),
T3 particulate) in human melanoma, both the soluble (T' and T2) and the cholate-solubilized (T3) tyrosinases
were partially purified by ConAaffinity column. Upon tryptic digestion, the solubilized tyrosinase (T3), which
formed a single band by Triton X-100 GE, gave rise to the faster migrating band which corresponded to the T'
tyrosinase. Upon digestion ofthe T' and T2 tyrosinases prepared by GE, the T' shifted to the T2 position while
the T2 retained its position by GE. Following the trypsin digestion, the solubilized tyrosinase was purified to
homogeneity. This trypsin-cleaved pure tyrosinase was a glycoprotein containing 4.8% sialic acid, had I mole
ofcopper with a MW of66,700, and oxidized both L-Tyr and L-DOPA at similar rates. This tyrosinase also,
upon neuraminidase treatment, shifted from the T' to T2 position. These results suggest conversion of
tyrosinase as T3-T' -T2 rather than their separate existence. To examine the natural existence ofsoluble
tyrosinases in melanoma cells, the effect of the presence of phenylmethylsulfonyl fluoride (PMSF), a serine
protease inhibitor in the homogenizing medium, was measured using a cultured human melanoma cell line to
avoid lysosomal protease release due to tissue necrosis. The presence ofPMSF reduced the soluble tyrosinase
in the cytosol fraction by 50-60%, suggesting that all tyrosinase in melanoma cells might be ofa particulate
nature.
90 Adaptation of Tritiated Tyrosine Assay to Serum Tyrosinase and in Specific Eleva-
tion in Melanoma. Kenji Nishioka, Marvin M. Romsdahl. The Univ. ofTexas M.D.
Anderson Hospital and Tumor Institute, Houston, TX
Measurement ofserum tyrosinase activity as a specific marker in patients with melanoma has been made by
adapting the tyrosinase assay of Pomerantz. Dialysis of samples to eliminate tyrosinase inhibitors increased
the tyrosinase activity in the sera from melanoma patients and also in normal sera to which soluble tyrosinase
fraction from human melanoma tissue was added. An incubation time of3 hrs and triplicate assay system was
adopted on the basis of observed linearities between enzyme activity and 3 hr time course and between
tyrosinase activity and variable amounts of tyrosinase added to normal serum. The mean recovery rate of
tyrosinase activity from normal serum was 107% indicating stability of tyrosinase in serum. Coefficients of
variation of this method was 8.0o and 9.8% for precision within run and day to day respectively at n = 10.
Using this method significant elevations of serum tyrosinase were confined to patients with melanoma. These
results contradict a recent report in which higher elevations of serum tyrosinase activity was observed from
patients with carcinoma of the breast than from melanoma patients using '4C-Tyr. Examination of soluble
tyrosinase activity in various tumor cell lines was performed. While all melanoma cell lines examined showed
tyrosinase activity, the other cell lines (breast, colon and sarcoma) showed no tyrosinase activity. Results
show that this method has promise as a specific diagnostic test and also may have value for monitoring the
clinical treatment of patients with melanoma.
91 Lymphocyte Migration and Infiltration in Melanoma. P.B. Noble, M.G. Lewis.
McGill Univ., Montreal, Canada
The interaction between lymphocytes and tumor cells has been followed in vitro using time-lapse cinepho-
tomicrographic techniques. The locomotory paths taken by lymphocytes have been characterized and
quantitated by application of a continuous-time Markov chain theory consisting offive states; state 0 where
the cell is stationary, and four states whose direction is defined by the four quadrants of a cartesian plane.
From the plotted cell paths the state and time in each state is recorded. Analysis of these data provide
information characterizing lymphocyte locomotory behavior in the absence and presence of tumors. Early
and regressing tumors resulted in a positive chemotaxis or random locomotion of lymphocytes whereas
advanced tumors resulted in negative chemotaxis. These findings were supported by the histopathologic
assessment ofthe degree of lymphocytic involvement. These results suggest that tumor cells might be able to
modify the cellular inflammatory response and subsequently limit the efficiency of host response.
92 The Paling Effect ofDibutyryl Cyclic GMP(DBcGMP)and theDarkening Effect of
lonophore A23187 on Frog Skin in Vitro. R.R. Novales, B.J. Novales. Northwestern
Univ., Evanston, IL
Earlier results have indicated that cGMP does not have a darkening action on isolated frog skin, but may
have a paling action. This was studied further using the skin of Rana pipiens and a reflectometric technique.
Skins that were darkened with I mM theophylline paled more rapidly in the presence of I mM DBcGMPXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
than in Ringer's solution alone. Furthermore, 1 mM DBcGMP significantly decreased the rate of darkening
by 1 mM dibutyryl cyclic AMP (DBcAMP), though 15 min pretreatment with 1 mM DBcGMP was required
to get this effect. These results show that DBcGMP has a paling effect and indicate that the Yin Yang
hypothesis may be applicable to frog skin, with cAMP producing darkening and cGMP bringing about
paling.
In addition, the effect of the divalent cation ionophore A23187 (lo A) has been studied. Io A produced a
strong dose-dependent darkening effect on R. pipiens skin that was partially dependent upon the presence of
Ca ions in the medium. The effect involved both dermal and epidermal melanophores, as well as iridophores,
and was reversibly inhibited by cytochalasin B. These results suggest that microfilaments might be involved in
the response and they support the concept that the darkening of frog skin by MSH involves pigment granule
movements produced by cAMP, which presumably triggers Ca ion movements.
The Mechanism of Pigment Migration in Fish Chromatophores: The Role of Actin-
like Microfillaments and Microtubules. M. Obika, W.A. Turner, S. Negishi, D.G. 93
Menter, S.J. Lo, J.D. Taylor, T.T. Tchen. Keio Univ., Yokohama, Japan and Wayne
State, Detroit, MI
Previous studies carried out in many laboratories on the ultrastructure and the effects of inhibitors
implicate microtubules in pigment translocations in fish chromatophores, although it is not yet clear whether
they provide the motive force for these translocations. Microfilaments or contractile elements have been
implicated in melanosome migration in melanophores ofsome fish, but direct evidence showing the presence
of actin filaments has not yet been given.
Our recent studies on Fundulus melanophores and goldfish xanthophores indicate that they contain
actinlike microfilaments, as evidenced by heavy meromyosin labeling. We propose that these filaments are
providing the motive force for pigment translocations.
Lumicolchine inhibits pigment aggregation in Fundulus and medaka chromatophores in a similar manner
as does colchicine, while vinblastine induces aggregation and consequent immobilization ofpigment granules.
The possible mode of action of these chemicals and the role of microtubules in pigment migration is
discussed.
Immunofluorescence ofHuman Tissue Using Anti-Mouse Tyrosinase Serum. Noriko 94
Ohtaki, Kazuhiro Miyazaki. Tokyo Medical and Dental Univ., Tokyo, Japan
Human tyrosinase, partially purified from metastatic malignant melanoma, reacted with antiserum pre-
pared against tyrosinase purified from Harding-Passey mouse melanoma melanosomes, although the human
and mouse tyrosinase were not completely identical immunologically.
The Dopa reaction has been widely used for identification of the melanocyte, but this method has some
disadvantages, e.g., its non-specificity because of the autoxidation of dopa.
In order to test the reliability ofantiserum against mouse tyrosinase in the detection ofhuman melanocyte,
we applied immunofluorescence using this antiserum to human tumors suspected of being melanoma. In
many cases the tissues were positive for both the dopa reaction and the immunofluorescence, but in some
cases they were positive for only the dopa reaction. In the latter cases, melanosomes were not detected
electronmicroscopically.
Therefore, we conclude that immunofluorescence, using antiserum against mouse tyrosinase, is specific for
identification of human melanocytes.
Effects of Sugar Components in Culture Media on Pigmentation of Melanoma Cells. 95
A. Oikawa, H. Saeki. Tohoku Univ., Sendai, and National Cancer Center, Tokyo,
Japan
Melanogenesis in melanocytes and its control have been studied mainly with cell culture techniques in
many laboratories. In these studies culture media seem to be chosen without any particular reason.
It was found that when a cultured line of B16 mouse melanoma was cultured in Eagle's MEM supple-
mented with 10%o calfserum but containing galactose in place ofglucose (Gal-medium), the tyrosinase activity
was about thirty-fold higher than that ofcells in Glc-medium (MEM/Earle's BSS/ 10%1o calfserum). This was
due to 2 main factors: First, glucose (5.5 mM) in Glc-medium is converted to lactic acid resulting in a drop of
about 0.7 unit in medium pH. When cells were cultured at pH 7.2 and pH 6.3, respectively, in Gal-medium, in
which the pH is stable during cultivation, tyrosinase activity ofcells from cultures at pH 6.3 was about 10 to
20% of that of cells from cultures at pH 7.2, indicating that the low pH of medium, from which cells were
harvested, reduces tyrosinase activity of cells.
The second factor is the species of sugar component in media. When the sugar concentration was reduced
to I mM, the pH of Glc-medium was also stable during cultivation. But the tyrosinase activity of cellsXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
harvested from cultures in Gic-medium was about one fifth that ofcells from cultures in Gal-medium ofthe
same pH. Accumulation of lactate in Glc-medium was slight and not responsible for this suppression.
Mannose gave results identical with glucose. Results with fructose were not very clear but similar to those
with galactose. Differences in metabolism ofthese sugars including those in anabolism may be responsible for
the difference in tyrosinase activity.
96 Gross and Microscopic Morphology of a Lesion Combining Elements of Mastocy-
toma and Blue Nevus in a Case ofNodular Mastocytosis. M. Okun. Tufts Univ., Bos-
ton, MA
A patient with longstanding familial mastocytosis developed a dome-shaped sky-blue nodule on the scalp,
which showed signs of histamine release on mechanical stimulation. Histologically, the lesion combined
classic features of blue nevus with classic features of mastocytoma, and showed transitional areas with cells
combining features of mast cells and melanocytes. This case provides striking additional morphologic
evidence linking mast cells and melanocytes histogenetically. Ultrastructural and cytochemical studies are in
progress.
97 Dopa Stimulation of Melanin Formation. Gerald Oster, Selmaree Oster. Mount
Sinai School of Medicine, New York, NY
In the tyrosinase-catalyzed autoxidation oftyrosine the induction period is shortened byaddition ofdopa,
3, 4, dihydroxyphenylalanine (J.M. Nelson and C.R. Dawson, 1944; A.B. Lerner et al. 1949.) The same result
may be demonstrated with cupric sulphate in place ofthe enzyme. Chloride ion is necessary for the reaction.
Hydroquinone arrests the oxidation at an early stage and melanin is not produced.
The reactions can be explained in terms of the autoxidation of cuprous ions. Dopa reduces cupric, as
shown by the formation ofa red complex ofbisquinoline. Cuprous requires the presence ofchloride ion for its
formation. Cuprous is autoxidized to produce hydroxyl radicals(G. Oster and G.K. Oster, Contraception 10,
273, 1974; G. Osterand M. Salgo, Adv. Pharmacol. 14, 327, 1976). The free radicals initiate polymerization of
vinyl monomers and hydroxylate benzene. In the present system the free radicals hydroxylate tyrosine to
initiate melanin formation. Hydroquinone reacts with the free radicals and thereby inhibits melanin forma-
tion.
The relevance of these in vitro experiments to melanin production in the skin will be explained. Our
reaction system can test for hyperpigmentation and depigmentation agents.
98 Mitotic Activity of Goldfish Erythrophores in Vitro. Kenjiro Ozato. Kyoto Univ.,
Kyoto, Japan
Integumental erythrophores on the scales of xanthic goldfishes were dissociated and cultured in a mono-
layer for about 30 days. Erythrophores in culture were poorly dendritic cells with orange-colored pigment
granules which were aggregated at the center of the cell body. The cultured erythrophores responded to
ACTH, adenosine, AMP, ADP, and ATP by producing reversible pigment dispersion at all stages of
cultivation. The pigment dispersion was also caused by cAMP, dBcAMP, theophylline, and caffeine.
Dividing erythrophores were found first within 3 days of cultivation and at all the time after that. The
number of the erythrophores doubled within 9 days of cultivation and trebled within 16 days.
Thus, evidence was provided that morphologically and physiologically differentiated erythrophores ofthe
goldfish still showed mitotic activity in vitro, in contrast to generallyaccepted view that fishchromatophores
are a kind of terminally differentiated cell.
99 Demonstration of Hydroxylation of Tyrosine by Plant Peroxidase, with and without
Exogenous Peroxide, Using Hydrazine as a Retardant. R. Patel, M. Okun. Tufts
Univ., Boston, MA
We have previously demonstrated hydroxylation oftyrosine to dopa by plant peroxidase, using ascorbate
as a retardant. When ascorbate isused, anon-enzymatic hydroxylating systemisestablished resultingin some
ambiguity. We have circumvented this problem by using hydrazine as a retardant. C14 tyrosine was used as
substrate and C14 dopa was measured, using alumina gel column chromatography. Hydroxylation of
tyrosine by peroxidase was confirmed. Specificity of reaction was controlled with the Arnow colorimetric
technique, which demonstrates diphenols (such as dopa). Since hydrogen peroxide is generated whendopa or
dihydroxyfumaric acid are present as co-factors, the reaction takes place in the absence of exogenous
hydrogen peroxide and the generated hydrogen peroxide is consumed in the hydroxylation step. Underthese
circumstances there is no excess ofhydrogen peroxide and retardant is not needed to prevent oxidation ofXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
dopa. This may explain (1) the lack ofsignificant melanin accumulation in many peroxidase-active cells, and
(2) the accumulation of dopa for catecholamine synthesis.
Cutaneous Depigmentation by Chemical Agents Including Certain Anti-Oxidants.
M.A. Pathak, M. Takahashi, T.B. Fitzpatrick. Harvard Medical School, Boston, 100
MA
This study was undertaken to investigate whether there was any relationship between chemically-induced
cutaneous depigmentation and the acquired hypo- or amelanosis in vitiligo. Attention was focused on several
antioxidants like hydroquinone (HQ), sodium ascorbate, a-tocopherol acid succinate, butylated hydroxytol-
uene (BHT), butylated hydroxyanisole (BHA) and other related compounds such as: hydroxyanisol (OHA);
p-anisic acid; 2-methoxybenzyl alcohol (2-MBA); 4-tert-butylpyrocatechol (tBPC); tert-butyl hydroquinone;
p. tert-butylbenzoic acid (TBBA); 4-tert-butyl toluene; p. tert-butylphenyl 2, 3-epoxylpropyl ether(tBPE)and
6-hydroxydopamine. Monobenzylether of hydroquinone, mercaptoamines (MEA, MEDA) and 4-
isopropylcatechol (4-IPC) were concomitantly evaluated. Depigmentation in the skin and hair in anagen
phase was evaluated in black guinea pigs either by topical application of test compounds (1-5%) for 1-4
weeks, or by intradermal injection (0.1-2%) or by oral ingestion (10-25mg/700g) for 12-16 weeks. The
depigmenting activity was assessed visually and with the aid of light and electron microscopy. The potent
depigmenting properties of HQ, MEA, MEDA, 4-IPC, and OHA were reconfirmed. Hitherto unknown and
widely used antioxidants like BHA and other agents like 2-MBA, tBPE were found to beeffective depigmen-
ting agents. The rest ofthe other agents were inactive. The hypomelanosis and depigmentation produced by
several active topical agents including 4-IPC, OHA, and BHA has several interestingfeatures that do provide
experimental approaches and clues to a better understanding of the selective cytotoxicity ofchemical agents
to melanocytes and the process ofcutaneous depigmentation resulting in acquired hypomelanosis mimicking
vitiligo.
Modiflcation of the Shape of Pigment-Producing Cells by Their. Environment. E. 101
Paul, L. Illig. Univ. Giessen, Germany
Employing fluorescence-histochemical methods (FIF-method) benign and malignant pigment cells were
investigated. In normal epidermis the melanocytes are regularly shaped and the dendrites are short and
typically arranged, while in malignant tissue, such as malignant melanoma or pigmented basal cell epithel-
ioma, pigment cells differ in size and shape and the dendrites show an irregular branching.
Fluorescence microscopy revealed that the tumor cells in malignant tissue appear to be predominantly
dendritic when they are separated from each other by keratinocytes, as in early stages oflentigo maligna or in
special cases of superficial spreading melanoma. Tumor cells in lentigo maligna which are arranged in a
palisade manner along hair follicles or sweat ducts, show dendritic branching. When cells ofsebaceous glands
separate individual fluorescent cells, dendrites are also visible. In some rare cases of malignant melanoma
tumor cells in lymph nodes are dendritic when these cells are loosely arranged or interspersed with lymphoid
cells. However, in those cases when fluorescent tumor cells are crowded together, they are mostly round or
oval shaped but lack dendrites. Therefore, the dendritic pattern ofpigment cells seems to be more dependent
on the special environmental situation than on the differing histogenesis.
Insulin and MSH Act Antagonistically to Control Proliferation and Pigmentation in 102
Cloudman S91 Melanoma Cells. John Pawelek, Marilyn Sansone Murray, Norma
Connors, Trudy Michaud, Richard Kahn. Yale Univ., New Haven, CT
Wild-type Cloudman S91 mouse melanoma cells are profoundly affected by alterations in intracellular
levels ofcAMP. Small increases in cAMP stimulate proliferation while larger increases inhibit proliferation,
activate tyrosinase, and change cellular morphology. Cellsexposed to MSH (10-7M) show 5-50fold increases
in cAMP 10 min after the hormone is added to the culture medium. A few hrs later tyrosinase is activated,
and eventually the cells become highly dendritic and division ceases. Insulin (10'-_10_2u/ml) lowers basal
cAMP levels by about 30%Yo, as well as suppresses the MSH-mediated rise in cAMP. MSH-mediated
activation oftyrosinase is inhibited when insulin is added to the culture medium. Also,cells exposed to insulin
for 1-3 d cease dividing. The insulin-mediated inhibition of proliferation is probably due to lowered cAMP
levels because Bt2cAMP (10-4M), isobutylmethylxanthine (10-4M) or MSH (10-7M) all reverse the inhibition.
While cells exposed to either insulin or MSH cease cycling, those exposed simultaneously to both hormones
continue to proliferate as ifthey were in plain medium. Initial investigations make it seem likely that insulin
acts by suppressing adenylate cyclase activity. These results are consistent with a model in which wild-type
Cloudman melanoma cells require an optimal level of cAMP in order to pass through their cycle and that
agents which raise or lower cAMP levels from this lengthen the cycling time accordingly.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
103 Cytotoxicity of Melanin Precursors. John M. Pawelek, Aaron B. Lerner. Yale Univ.,
New Haven, CT
From a variety of clinical and experimental observations, it has been concluded that in the process of
melanization, a pigment cell produces substances which are potentially autotoxic (Lerner, A.B. Am. J. Med
51: 141-147, 1971). Our studies with cultured Cloudman S91 mouse melanoma and Greene hamster
melanoma have lent support to this conclusion. The following points were established: (1) Tyrosine, dopa,
and tryptophan are selectively toxic to melanotic cells, but not to amelanotic cells. The other naturally
occurring amino acids have little or no effect on either cell type. (2) Cells induced to form pigment by
treatment with MSH are much more susceptible to the toxicity of melanin precursors than cells not exposed
to the hormone. Treatment ofcells with phenylthiourea, a potent and selective inhibitor oftyrosinase activity,
provides complete protection to the cells from the toxicity ofthe melanin precursors. (3) Although melanin
itself is not cytotoxic, precursors to melanin formed after the conversion ofdopa to dopa quinone aretoxic to
both melanotic and amelanotic cells. 4) 5'-6' dihydroxy indole was by far the most potent ofthe precursors
tested. Thus pigment cells lead a rather precarious existence because oftheir ability to convert tyrosine and
dopa into lethal compounds. We hope to be able to channel this unique ability into a rational therapy for
human melanoma.
104 Activation ofMelanoma Tyrosinase by a cAMP-Dependent Protein Kinase in a Cell-
Free System. John Pawelek. Yale Univ., New Haven, CT
In Cloudman S91 melanoma cells, tyrosinase activity and melanization are greatly stimulated by elevated
intracellular levels of cAMP. We initiated a series of experiments to identify the molecules controlling
tyrosinase activity. We developed a cell-free system in which tyrosinase is activated following the addition ofa
cAMP-dependent protein kinase isolated from melanoma cells. The kinetics of the reaction in the cell-free
system are similar to those in intact cells in that there is a lag period ofseveral hours before tyrosinase activity
is increased. The activation is completely dependent on the protein kinase and is enhanced by cAMP, ATP,
and Mg. The optimal temperature is 300C and the optimal pH is 6.2. The activation involves the removal of
an inhibitor of tyrosinase. In addition, a phosphatase(s) is present which is distinct from the inhibitor but
which appears to antagonize the kinase-mediated reaction. The phosphatase(s) might be responsible for tOle
lag period in the activation reaction because tyrosinase activity increases onlyafter the phosphatase(s) decays
through 2 half-lives. In addition, alkaline phosphatase (calf intestine) inhibits the activation reaction. These
findings suggest a simple model in which the kinase catalyzes the phosphorylation of a tyrosinase inhibitor
and thus inactivates that inhibitor. The phosphatase(s) could antagonize the reaction by maintaining the
inhibitor in its dephospho-form.
105 Cutaneous Melanomas Induced by 9, 10-Dimethyl-1, 2-Benzanthracene (DMBA) in
Albino Guinea Pigs. A. Pawlowski, I.A. Menon, H.F. Haberman. Univ. ofToronto,
Toronto, Ont., Canada
Previous report from our laboratory has shown that painting of albino guinea pigs with DMBA induced
the formation of pigmented nevi that simulate to some extentjunctional and compound nevi ofhumans. This
communication reports that superficially spreading melanomas are induced in these guinea pigs in the later
stages of this experiment. 70 albino guinea pigs were employed. A field of 5 sq cm was marked on a flank of
each animal. Hair from these fields was clipped twice a week during the entire experiment. 0.3 ml of 1%
DMBA in acetone was applied on these fields twice a week for 20 consecutive weeks. The animals were not
given any further treatment. After 3 years only 16 animals survived. 13 of them had pigmented lesions,
varying in number from 1 to 9. They were 0.3-0.8 cm in diameter, flat or slightly raised and hyperpigmented.
Serial sections from all pigmented lesions were examined and random electronmicroscopical observations
were made. From 7 animals, 14 pigmented lesions had a number of features histologically resembling
superficially spreading malignant melanoma in humans (e.g., invasion of upper epidermis and ulceration,
nuclear atypicism, mitotic figures). During the observation period and on postmortem examination no
metastasis to internal organs was noticed. These results show that this model has possibilities as an animal
model for studying factors affecting the development of superficial spreading melanoma.
106 Genetics of Hybrid Resistance to S91 Melanoma. L.R. Pease, N. Ohanian, M.
Foster. Univ. of Michigan, Ann Arbor, MI
Resistant parent strains (C57BL/ 10 and A.BY) were crossed to the susceptible parental strain (DBA/2) to
determine the effects of the genetic contribution from the resistant parents on the susceptibility ofthe hybrid
to S91 melanoma grafts. Classical transplantation principles predicted that the hybrid would be susceptible.
An exception was identified and investigated. DBA/2 parental, (C57BL/ 10 X DBA/2)F1 hybrid and (A.BY X
DBA/2)F, hybrid mice were challenged with a subcutaneous injection of 105 viable S91 melanoma cells. AllXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
groups were monitored every three days over a six week period and scored for tumor growth. The (C57BL/ 10
X DBA/2)F1 hybrid mice were clearly the most resistant to the tumor graft; (A.BY X DBA/2)F, hybrid mice
were intermediately resistant, while the DBA/2 parental mice were the least resistant. The resistance observed
in the hybrids cannot be due to classical histocompatibility antigens since such antigens behave as codomi-
nant traits. The difference in resistance observed between the (A.BY X DBA/2)F1 and the (C57BL/ 10 X
DBA/2)F, hybrids cannot be attributed to the H-2 complex since both hybrids are genotypically identical
with respect to H-2] Preliminary studies on the susceptibility of (BIO.D2 X DBA/2)F1 hybrids to S91
melanoma grafts further implicated the role of non-H-2 loci in the inheritance of hybrid resistance.
Capacity of Adult Steel (Sl/Sld) and Dominant Spotting (W/Wv) Mouse Skin to 107
Support Melanogenesis. T.W. Poole. Rutgers Univ., New Brunswick, NJ W.K.
Silvers. Univ. of Pennsylvania, Philadelphia, PA
Mice homozygous for mutant alleles at the steel (Si) and dominant spotting (W) loci lack melanocytes in
their skin and hair follicles. Thus, Sl/Sfd and WI W' mice are black-eyed whites. Although alleles at both loci
produce identical phenotypes, investigations utilizing embryonic tissues have indicated that the developmen-
tal mechanisms are different. The W locus mutants act within the melanoblast, while steel (SI) locus mutants
act through the skin, the melanoblasts being normal. In order to determine if this action of the steel alleles is
temporary or continuous throughout the life of the mouse, adult SlI/Sd body skin was transplanted to
histocompatible hosts. After the grafts healed, pieces of histocompatible pigmented ear skin were grafted to
the center of the Sl/Sfd skin grafts. As a result, pigmented Sli/Sd body hairs grew surrounding the ear skin
graft, indicating that an adult steel hair follicle can support melanogenesis. Similar experiments utilizing
WI W skin, as expected, produced identical results. Furthermore, ifthe pigmented Sil/Sf hairs were plucked,
they were replaced by pigmented hairs. This indicates that follicular melanocytes are capable of pigmenting
more than one hair generation, and suggests that new melanocytes are not needed for successive hair
generations.
Identiflcation of Tyrosinase Inhibitors in Cultures of the Genus Pityrosporum. M. 108
Nazzaro Porro, S. Passi. Institute of Dermatology St. Gallicano, Rome, Italy
A lipid fraction capable of inhibiting the Dopa-tyrosinase reaction in vitro has been isolated by thin layer
chromatography from submerged cultures of Pityrosporum.
Analysis of this fraction by a high resolution gas chromatography-mass spectrometry system have revealed
the presence of a mixture of C7, C8, C9, Clo, CI1, C12, C13 dicarboxylic acids. Enzymatic kinetic studies have
shown that the major of these acids acts as a competitive inhibitor of tyrosinase.
We suggest the hypopigmentation in Pityriasis versicolor to be due to the effect of dicarboxylic acids
formed through the oxidation of some unsaturated fatty acids of skin surface lipids by a Pityrosporum
enzyme system.
The application on hyperpigmented skin areas of selected hypermelanotic conditions ofa cream containing
dicarboxylic acids for 30-60 days, has shown that these substances are active also in vivo. Whether this is due
to a cytotoxic effect, as suggested by the demonstration of positive ultrastructural damage to melanocytes in
Pityriasis versicolor, requires further investigations.
Cell Mediated Immunity to Ocular Melanoma: T-Cell Infilltration of the Tumor. 109
C.A. Puliafito, A.C. Aisenberg, B. Wilkes, D.M. Albert. Massachusetts Eye and Ear
Infirmary, and Massachusetts General Hospital, Boston, MA
Ocular melanoma is the most common primary intraocular tumor. Although it differs in important respects
from cutaneous melanoma, it is likely that, as in the case of skin melanomas, host immune mechanisms
directed against the tumor may be significant in determining the natural history of the disease and the
patient's prognosis for survival. The comparative tumor immunology of ocular and cutaneous melanomas
may reveal important common mechanisms or differences. Several studies have demonstrated serum antibod-
ies against ocular melanoma as well as delayed hypersensitivity to melanoma antigen in patients with these
tumors; the prognostic importance of these findings is not known. The degree of inflammation, seen on light
microscopy, has been found to be of variable prognostic importance.
We have undertaken an approach not previously reported in the study of the cell-mediated immune
response to ocular melanoma and are looking for evidence of that response in the tumor itself. The T-cell
content of samples from fresh human ocular melanoma is being determined. At this time, five melanomas
arising from the choroid and ciliary body have been studied; T-cells were found in samples from two tumors.
Specimens were taken from the base of ocular melanomas, within one hour oftheir surgical removal. A single
cell suspension was made, the cells counted, and the presence of T-cells determined by E-rosette technique
and by indirect immunofluorescence using human anti-thymus serum. Histopathologic and other studies were
also undertaken.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
110 Quantitative Investigation with EPR of TMPO (2,2,6,6-tetramethyl-4-oxopiperidin-
I-oxyl) in Homogenates from Tissues of Hamsters with Transplanted Melanotic
Malignant Melanoma. Z.D. Raikov, P.M. Blagoeva, N.D. Yordanov. Institute of
Oncology and Institute of Organic Chemistry, Sofia, Bulgaria
In previous studies, we have observed with EPR that following intraperitoneal application of TMPO into
hamsters with melanotic melanoma, the compound accumulates mainly in the tumor tissue.
In the present study we established that after in vitro incubation for 1 hr at 370C of homogenates from
different organs of hamsters with melanotic melanoma, the amount of TMPO in the tumor tissue is
unchanged, whereas in liver it decreased by 50%; and in brain, by 48%. The lack of such difference after
incubation at 4°C suggests that in the tumor tissue there are not enzymatic systems metabolizing TMPO.
111 A Comparative Study ofthe Effects ofErgot Alkaloids on Hormone-Mediated Color
Changes in the Fiddler Crab, Ucapanacea. K. Ranga Rao. Univ. of West Florida,
Pensacola, FL
Lysergic acid diethylamide (LSD) evokes erythrophoric pigment concentration when injected into fiddler
crabs whose eyestalk neurosecretory system is left intact. LSD does not evoke pigmentary changes when
injected into eye-stalkless fiddler crabs or in vitro in isolated legs. To further evaluate the mode ofaction of
LSD a series ofergot alkaloids were tested for chromatophoric activity. Ergotamine, ergocristine, ergobasin,
agroclavine, ergocornine, C-ergocryptine and 2Br-.C-ergocryptine (CB-154) were injected in varying dosages,
0.1 to 100 ,ug/crab, into intact fiddler crabs adapted to white and black backgrounds and into eye-stalkless
fiddler crabs. Ergocornine and CB-154 are among the most active among the compounds tested and they
induced erythrophoric pigment concentration in intact crabs on a black background. They did not evoke
pigmentary changes in melanophores and leucophores. Ergocornine and CB-154 were unable to cause
erythrophoric pigment concentration in vitro when tested on isolated legs. The hemolymph from crabs
injected with ergocornine and CB-154 exhibited erythrophoric pigment concentrating ability in vitro] These
results and the fact that the time-course of pigmentary changes evoked by these alkaloids is comparable to
that of a synthetic octapeptide chromatophorotropin indicate that the color changes induced by ergot
alkaloids are mediated by a red pigment-concentrating hormone released from neurosecretory organs of
crabs. This stimulation of hormone release was also noted with dopamine. It is concluded that ergocornine
and CB-154 act as a dopamine-receptor agonist in stimulating the release of a crustacean chromatophoro-
tropin.
112 Pigmentary Responses to Prolonged UVL Exposure in the Mouse. Willie M. Reams,
Jr. Univ. of Richmond. Richmond, VA
Continued ultraviolet light (UVL) exposures provoke and maintain a hyperpigmentation in human skin
which diminishes only with the elderly. In the rhesus monkey, continued UVL exposures cause the melano-
cyte population to peak and then decline to a stable level. The present investigation was undertaken to
determine the manner in which mice of differing ages respond to extended exposures of UVL.
The back skin of adult, black, non-agouti mice was irradiated daily with threshold doses of 300 nm UVL.
The area was kept free of hair with a commercial depilatory or an electric razor. At intervals, mice were killed
and DOPA preparations of the irradiated epidermis were examined. By the second week of exposures the
melanocyte population had peaked at 700/mm2 and then began to diminish during that week. The melano-
cytes showed extensive branching and were heavily laden with melanosomes. There had been a notable
uptake of melanosomes by the keratinocytes. By the beginning of the fourth week of exposures, the
melanocyte population was down to approximately 35/mm2 and the keratinocytes had comparably few
melanosomes.
In a similar manner, UVL exposures were given to mice starting from the first postnatal day. During the
second week of exposures, the melanocyte population reached a peak equal to that seen in the irradiated
adults, and then rapidly diminished to virtually nothing. During the third week, the population again showed
an escalation. The melanocytes seen in the irradiated young mice were of delicate architecture resembling
those seen in non-irradiated young mice. Very few melanosomes were seen in the keratinocytes.
113 Reverse Transcriptase Activity in the Virus Associated with Greene Hamster Mela-
noma. Ted W. Reid, Dale S. Gregerson. Yale Univ., New Haven, CT
As previously reported, we have succeeded in isolating a virus from Greene hamster melanoma cells that
shows all ofthe characteristics ofa retro virus. Detailed investigations ofthe reverse transcriptase associated
with this virus have been carried out. This polymerase has different template specificity than other known C-
type viruses both towards synthetic and endogenous templates. Differential specificity is also obtainedXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
between whole viruses and purified enzyme which appears to implicate other virus proteins in the enzyme
specificity. A non-cAMP dependent protein kinase was also found to be associated with the virus.
Effect of Somatic Mutations in Melanocytes on Regional Pigmentation. P.A. Riley. 114
University College Hospital Medical School, London, England
The local melanocyte density in lentigenes is higher than in the surrounding, less pigmented, skin. There is
no evidence of diminished density-dependency of growth in the in vitro behavior of pigment cells derived
from these hyperpigmented spots. The appearance of lentigenes is shown to be age-dependent in a manner
which is consistent with the hypothesis that they are derived from clones of cells which have undergone a
mutation. The possible nature of this mutation and its significance in relation to malignant melanoma will be
discussed.
Cysteinyl-Dopa Metabolites of the Melanocytes. H. Rorsman, G. Agrup, C. Hans- 115
son, A-M. Rosengren, E. Rosengren. Univ. of Lund, Lund, Sweden
A great number of compounds previously not formed in nature have been detected in the urine of patients
with melanoma and defined as products of the melanocytes.
These compounds are formed by the addition of cysteine or glutathione to dopaquinone produced by the
action of tyrosinase. Some of the cysteine-containing substances are excreted from the melanocytes and
appear in the urine, as cysteinyldopas or as methylated or oxidized metabolites. Other cysteine-dopa products
are building stones of different pigments formed in the melanocytes. The occurrence of cysteinyldopa in all
subjects having pigment forming melanocytes points to a central role for this amino acid in the function of
pigment forming cells.
The excretion of cysteinyldopa in the urine seems to reflect the pigment synthesis in the melanocytes. The
chemical methods applied for identification and quantification of melanocyte metabolites of low molecular
weight will be presented.
Cell Deletion in Primary and Secondary Human Malignant Melanoma. G. Rowden, 116
M.G. Lewis, T.M. Phillips. McGill Univ., Montreal, Canada
Growth of human melanomas is dependent on the balance between mitosis and cell deletion. The natural
history of melanoma suggests that this balance may be altered not only in the various recognized forms [i.e.,
superficial spreading (SSM), lentigo maligna (LMM) and nodular (NM)], but also during the progression of
each entity. Immunological factors are suspected to play important roles in limiting the progression of the
disease, and other non-immunologic factors also influence the rate at which the tumor invades locally and
metastasizes. The mode of cell deletion termed apoptosis (Wyllie 1973) appears to play a complementary but
opposite role to mitosis in regulation ofcell numbers. Programmed deletion ofcells has been noted in various
tumors (Kerr and Searle 1972) and has been shown to be critical in the normal endometrial cycle (Hopwood
and Levison 1976). Morphological and immunological studies were carried out on melanomas of the three
basic categories with both primary and secondary deposits being examined. The slowly progressing LMM
and SSM forms have significantly higher numbers of apoptotic bodies than NM. Cell deletion via apoptosis is
also more evident in primary versus secondary deposits in all forms. The relationship to indicators of humoral
immune response, such as anti-cytoplasmic antibody will be discussed. (Wyllie, A.H. J. Clin. Path. 27 Suppl.
7, 35-42, 1973. Kerr, J.F.R. and Searle, J. J. Path. 107, 41-44, 1972. Hopwood, D. & Levison, D.A. J. Path.
119, 159, 1976.)
Splenomegaly and Host-Melanoma Interactions. R.J. Rozof, M. Foster. The Univ. 117
of Michigan, Ann Arbor, MI
Splenomegaly is a common host response to several homo- and isotransplantable tumor challenges in
rodents. Many histological similarities exist in the response ofthe peripheral lymphoid tissues ofthe recipient
after tumor challenge or after treatment with bacterial antigens. This correlation has led to the belief that
splenomegaly after tumor challenge is a manifestation of an active anti-tumor immune response. In our
studies of three murine melanotic melanoma, Harding-Passey (H-P), B16, and S91 allografts induced
significant increases in Simenson's spleen index in BALB/c mice. Normal C57BL/6 and DBA/2 liver
allografts produced no significant increase. Freeze-thawed H-P had no effect on spleen index. (BALB/c mice
are 100% susceptible to H-P, and not susceptible to B16 and S91 at the challenge doses used.) Both S91
melanoma and C57BL/ b liver induce anti-tumor immunity to H-P in BALB/c mice. Mice initially pretreated
with C57BL/6 liver and subsequently challenged with H-P had spleen indices comparable to mice challenged
by H-P alone. These studies suggest that the splenomegaly observed with melanotic melanoma: (1) is not a
good predictor of the host's ability to resist melanoma challenge, and (2) possibly reflects a more complex
tumor-host interaction than previous histological correlations imply.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
118 Usefulness and Limits ofthe Study ofFormaldehyde Fixed Sections from Melanotic
Lesions by Means of Fluorescent Techniques. S.A. Sacchi, A. Pazzaglia, F. Serri.
Univ. of Pavia, Pavia, Italy
A large number ofmelanotic, nevoid and melanomatous lesions have been studied in the last 15 years in the
Department of Dermatology, Pavia University, using the fluorescence techniques applied to sections from
biopsies fixed in 10% formaldehyde. This simple method offers the following main advantages:
(1) possibility to study large microscopical fields including the observation of an entire lesion or of a
metastasis.
(2) facility to standardize the concentration and the pH of the fixative and to regulate the time and
temperature of the fixation.
(3) possibility of a fast and easy preparation also using sections from cryostat.
In comparison with the technique suggested by Falck and Hillarp (sections freeze-dried and subsequently
exposed to formaldehyde gas at 80°C) there is a disadvantage because of the partial loss of the fluorescent
material and the possibility to observe a displacement of the material itself.
The formaldehyde fixed sections can be used, afterthe fluorescence examination, for many other histologi-
cal techniques. The intensity of the fluorescence can be correlated with different variable data such as the
amount of melanin.
The results obtained particularly in the study ofvarious types ofnevi and melanomas are briefly outlined
by the authors using the aforementioned technique.
119 Stimulation of Melanogenesis in Cultured Melanoma Cells Following Exposure to
Exogenous Melanosomes. D.O. Schachtschabel, H. Leising. Philipps-Univ., Mar-
burg, Germany
Melanosomes isolated from subcutaneous Harding-Passey melanomas of NMRI-mice and purified by
density gradient centrifugation were either labeled in vivo or in vitro with 3H-DOPA or 14C-tyrosine in the
melanin part alone or in the protein and melanin part. Addition of such labeled and washed melanosomes to
Harding-Passey melanoma cells in monolayer culture]D. Schachtschabel, Virchows Arch. Abt. B Zellpath. 7
27-36 (1971X) serially cultivated in Eagle's basal medium supplemented with 10% fetal calfserum resulted in a
fast uptake of label (cpm/mg cell protein) during the first hours and leveled off after about 4 hours. The
incorporated radioactivity could not be removed by washing or incubation in melanosome-free media.
Treatment of cultures with melanosomes resulted in an increase ofcellular tyrosinase activity (measured by
3H20 formation from L-tyrosine-3,5 -3H) and an increase of the cellular melanin content (E4oo/mg cell
protein) which started to rise significantly after about one day. The results are interpreted in terms of
stimulation of melanogenesis by the uptake of exogenous melanosomes.
120 Studies on Human Melanoma Antigens. F.B. Schafer, M.P. Lerner, J.H. Anglin,
R.E. Nordquist. Univ. of Oklahoma, Oklahoma City, OK
A malignant melanoma was removed from the lower leg ofa 47 year old Caucasian male. A continuous cell
line established from this tumor was used in these studies.
Electron microscopy of both the original tumor and ofthe cell line shows the morphology ofthe cell line to
be similar to the original tumor. KCI extracts ofthe cell line were run against lectins from various sources in
an Ouchterlony plate. The results showed a precipitin line against the lectin Concanavalin A (Con A) from
Canavila ensiformis, but not with 13 other lectins. Electron microscopy of ferritin tagged Con A on
melanoma cells demonstrated binding to surface proteins.
The cell line was grown in a chemically defined medium with bovine serum albumin. The spent medium
from the cells was run through a column of Con A bound to Sepharose 4B to determine ifthe surface protein
shown to bind Con A was shed into the medium. A significant amount of protein was bound by the column
and eluded with glucose. The protein eluted from the column was designated MLag-P.
Four specimens (1) new medium, (2) melanoma exposed medium, (3) Con A bound proteins, MLag-P, and
(4) protein not bound by Con A were analyzed by PAGE. All discernible melanoma associated proteins were
bound by Con A, while bovine serum albumin was not.
Column chromatography of MLag-P on Sephacryl S-200 (has separation characteristics of Sephadex G-
200) has been accomplished, and the first peak appears to be the antigenically active protein.
121 Three-Dimensional Structure of the Microtubular Apparatus of Melanophores. M.
Schliwa. Univ., Frankfurt a.M., Germany
Using serial thin sectioning, microtubules (MTs) have been traced in melanophores of Pterophyllum
scalare, and in one instance a three-dimensional model of the MT array in a 6 j,m segment of a cell process
has been built. Almost all MTs originate in the cell center (centrosphere) where they cluster in the vicinity ofXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
more than 100 small electron-dense aggregates. MTs are observed to terminate at or near these densities that
apparently function as MT-organizing centers. With increasing distance from the cell center, MTs gradually
assume a cortical arrangement until, in the cell processes, the majority of MTs is found within a 100 nm zone
near the plasma membrane. This means that, with respect to the origin of MTs, a distinction between a
cortical and central set of MTs can not be made. Despite alterations ofthe cell process outline, the association
of MTs with the cell cortex is strictly maintained; this aspect is clearly demonstrated in the three-dimensional
cell process model. Since only 6% of the MTs terminate within this 6 ,um segment, it is conceivable that many
MTs extend from the center to the periphery ofthe cell. The results indicate that (1) nucleating sites in the cell
center initiate MT assembly and control the gross distribution of MTs and (2) the association of MTs with the
cell membrane is controlled by factors unrelated to nucleation, probably crossbridge elements.
Pigment Movements in Isolated Melanophores. M. Schliwa, U. Euteneuer. Univ. 122
Frankfurt a.M., Germany
Most studies on the mechanism of melanosome migration within fish melanophores have so far been
carried out on cells of isolated scales or intact skin. In these preparations, the innervation supplying the
dermal melanophores is apparently intact, and drug or ion treatments may interfere with nerve endings that,
in turn, influence melanophores. To circumvent such unwanted effects, melanophores have been isolated
from the surrounding tissue and studied by phase contrast, Nomarski interference contrast, and electron
microscopy. Isolated scales of four species of teleost fish were treated with I mg Collagenase and 0.5 mg
Hyaluronidase in 2 ml of Ringer's solution for 10-20 min. Cells were then freed from the scale tissue by a
gentle water stream generated with a micropipette. Cells treated in this way do not round up but rather retain
their stellate cell shape. In addition to stellate cells, various forms of intact viable cell fragments are observed.
Since particularly the cell fragments provide a useful tool for studies ofintracellular granule movements, they
have been analyzed in more detail. The movement of melanosomes is recorded light microscopically, and the
same fragments are then processed for electron microscopy. Serial thin sectioning is used to obtain exact
information about the topographical relationship of subcellular organelles.
DNA Distribution Patterns in Malignant Melanomas. Johannes Schumann, Wolf- 123
gang Gohde, Detlef Koops. Univ. of Muinster, Germany
The DNA-distribution patterns of 60 malignant melanomas were analysed by flow through cytophotome-
try (PCP). With a special preparation and staining method DNA-histograms-each representing 20-50.000
cells-with a high accuracy (CV = 7.8%-4.2%) could be obtained. So PCP analysis allows even the
differentiation of aneuploid cell lines with an only 5% higher DNA-content compared to diploid cells. In 35
cases aneuploid cell clones, all being hyperdiploid could be detected. 33 showed one, 2 more abnormal DNA-
peaks for the G,-cells. Most of the abnormal G,-peaks occurred in the triploid-tetraploid range (20) or close
to the diploid value (10), some however in the tetraploid-hexaploid range.
Beside the analysis of aneuploidies the relative amount of S-Phase-cells and (G2+M)-Phase-cells of the
melanomas was calculated by computer. No significant differences in the proliferative activity between
euploid tumors and aneuploid tumors could be evaluated. 40 melanomas were treated with chemotherapy
or/and immunochemotherapy. The number of non responders was higher (10/14) in aneuploid tumors than
in euploid tumors (7/16).
Malignant Melanoma of the Palmar-Plantar-Mucosal Type: Clinical and Histopath- 124
ologic Features. M. Seiji, M.C. Mihm, A.J. Sober. Tohuku Univ., Sendai, Japan and
Harvard Medical School, Boston, MA
Among malignant melanomas which occur on the palms, soles, and mucosae, there exists a distinctive
clinical and histologic type which we have designated palmar-plantar-mucosal melanoma. These tumors
occur with great frequency in Japanese but also occurs among other Orientals, Blacks and some Caucasoids.
27 cases, 20 from Tohuku University Hospital and 7 from the Massachusetts General Hospital form the basis
of this study. Clinically these lesions presented as deeply pigmented black nodules surrounded by an
irregularly shaped, irregularly colored macule of varying size. Histopathologically there were two distinct
features demonstrable in all cases. (1) In the macular portions there is a marked proliferation of large basally
disposed melanocytes with abundant cytoplasmic mass and numerous dendrites extending upwards to the
granular layer. These melanocytes possess a uniformly atypical nucleus and are filled with numerous
morphologically normal appearing melanin granules. (2) The dermal component consists of melanoma cells
of various morphologic types that are sometimes associated with a desmoplastic reaction. The distinctive
differential features between this lesion and other malignant melanomas especially lentigo maligna, are
defined. The designation palmar-plantar-mucosal melanoma is suggested in place of acral-lentiginous mela-
noma because of the confusion engendered by the latter term. While the natural history of these lesions is
uncertain, the prognosis at the time of diagnosis appears grave.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
125 Inactivation Mechanisms of Tyrosinase. M. Seiji, M. Sasaki, Y. Tomita. Tohoku
Univ., Sendai, Japan
In mammals, melanin formation and deposition occur on melanosomes and with the deposition ofmelanin
on their internal structure, melanosomes are gradually transformed into mature melanosomes of which
tyrosinase is no longer active. Inactivation mechanism of tyrosinase was studied. Soluble tyrosinase was
incubated with 14C-dopa and the time course of disappearance of dopa was measured at various tyrosinase
concentration. After certain incubation periods, the tyrosinase activity was lost and the dopa concentration
reached at stationary levels depending on the initial tyrosinase concentrations. The kinetic treatments
indicated that the inactivation involved does not seem to be due to the binding with reaction products but
appears to be similar to the reaction inactivation. Then melanosomes were incubated with ascorbate and L-
dopa. After certain incubation periods, the reaction mixtures were centrifuged in order to eliminate the
remaining ascorbate and L-dopa. Melanosomes thus obtained were washed two times further. Then the
remaining tyrosinase activities of melanosomes were measured. Inactivation oftyrosinase occurred in spite of
the fact that melanin formation did not take place. Then, the inactivation oftyrosinase was examined forthe
superoxide radical 0-2 which is known to be produced in the oxidation process by molecular oxygen of a
multitude of biomolecule and to be highly toxic. 02 might be generated in the oxidation ofdopa bytyrosinase
and inactivate tyrosinase itself. Superoxide radical was unable to be detected in the oxidation process ofdopa
by tyrosinase by the method based on reduction of cytochrome C added with and without superoxide
dismutase.
126 Virally Induced Ocular Melanomas in Cats. J.A. Shadduck, D.N. Sang, J. Craft,
D.M. Albert. Univ. ofTexas Southwestern Medical School, Dallas, TXand Harvard
Medical School, Boston, MA
A model for ocular melanoma has beenestablished bythe injection offeline fibrosarcoma virus, a naturally
occurring C-particle type virus (oncornavirus), into the anterior chamber of neonatal kittens. Individual
inocula containing 0.05 ml ofvirus at a concentration of 10' to 1012 particles/ml ofGardner's strain offeline
fibrosarcoma virus were injected into the eyes of 2 day to 3 month old kittens.
Forty seven eyes from 28 animals were subsequently studied. Characteristic pigmented melanomas com-
posed of spindle cells and epithelioid cells were seen involving the anterior uvea in 21 eyes; foci of nonpig-
mented tumors were observed in 8 ofthese eyes. Fouradditional eyes showed amelanotic spindle cell tumors.
Some of these appeared to arise from the cornea or sclera. Electron microscopy showed these to be
amelanotic melanomas and/or fibrosarcomas. Less frequently observed were embryonal-type ciliary body
tumors and undifferentiated round cell tumors. Retinal dysplasia, iris pigment epithelial hyperplasia and
severe diffuse inflammation were common additional findings. The ability to induce intraocular melanomas
offers a unique model for the human condition; its study mayprovide insights to the pathogenesis, biological
behavior and response to therapy of human ocular melanomas.
127 Lack ofPigmentary Function of MSH in Man-Studies in Health and Disease. Sam
Shuster, A.G. Smith, A.J. Thody, D. Clark, C. Fisher, J.L. Burton. Univ. of
Newcastle upon Tyne, England
The immunoreactive ",/-MSH" found in human plasma is now thought to exist only as part ofthe larger
lipotrophin peptides which have only weak MSH activity in the frog skin assay. In man we have found an
association with pigmentation only when these peptides are present in abnormally high concentrations; this
occurs only from overproduction in Addison's disease, Cushing's syndrome and ectopically fromtumors and
from impaired metabolism in chronic renal failure (the kidney is the main site ofdestruction ofthe hormone).
We have found plasma immunoreactive ",8-MSH" to be normal in all othersituations where pigmentation isa
feature, e.g., liver disease, systemic sclerosis, cachexia, acromegaly, phenothiazine therapy, following oral
contraceptives, chloasma, pigmentary dermatoses, etc., as well as indiseases associated withdepigmentation.
Thus the lipotrophins ("f3-MSH") appear not to have apigmentary role in health and pigmentary disease. We
have also found normal plasma concentrations of immunoreactive "3-MSH" in pregnancy despite the
previous findings ofincreased MSHactivitybybioassay. Other MSH peptides maytherefore be involved and
we have recently found a-MSH in the maternal blood in pregnancy but not in other situations. However the
time course ofthis rise in a-MSH and the nature ofthe pigmentation make a-MSH an unlikely explanation
of it. Thus, the known MSH peptides in man do not appear to be physiological pigmentary hormones, nor
apart from the few syndromes of overproduction or impaired renal metabolism are they responsible for
pathological pigmentation. The evolution of MSH peptides in mammals has been towards sebotrophic and
neurotrophic functions, the melanotrophic function being lost with the development of hair.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
Fine Structure of Amelanotic Melanocytes of the Hair Germ During Dormancy 128
(Telogen) and Activation (Early Anagen). A.F. Silver, R.D. Fleischmann, H.B.
Chase. Rhode Island College and Brown Univ., Providence, RI
Cells of the adult murine hair germ, including melanocytes, modulate between a fully differentiated state in
mid-anagen and a less differentiated state in telogen. After a telogen germ is activated, either spontaneously
or experimentally, the cells divide and differentiate into their most mature form in about a week.
Telogen melanocytes may be distinguished from other germ cell types by the following cytological
attributes: Exceptionally few nuclear pores, no desmosomes, no Langerhans granules, sparse ribosomes and
coarse dendrites. Occasionally they contain granules somewhat resembling premelanosomes. Hair melano-
cytes are always located close to the dermal papilla.
By 12 hours after activation by plucking, all previously present organelles are increased in frequency
and/or development. In some cases there are recognizable premelanosomes with a periodicity ofabout 90A,
and other granule types. The premelanosomes and other granules resemble those found in amelanotic
melanoma cells by Hu et al. (F. Hu, J.L. Swedo, and J.H.L. Watson: Cytological variations of B-16
melanoma cells. In The Pigmentary System, ed. Montagna and Hu, Pergamon, 549, 1966.)
Augmented Radionuclide Uptake by the Spleen in Patients with Malignant Mela- 129
noma. A.J. Sober, M.M. Mintzis, R.A. Lew, H. Lo, C. Whalen, K.A. McKusick,
M.S. Potsaid, C. Vialotti, T.B. Fitzpatrick. Harvard Medical School, Boston, MA
and New York Univ., New York, NY
Hepatic uptake ofradionuclide exceeds splenic uptake on the normal liver-spleen scan. Augmentedsplenic
uptake with reversal ofthis ratio has been noted on rectilinear scans in patients with malignant melanoma in
the absence of apparent liver disease (Goldman, A., Radiology 112:631, 1974). In a larger series (150
patients-Melanoma Clinical Cooperative Group) similar changes were found in 34%0 ofpatientsearly in the
course oftheirdisease both by rectilinear and gamma camerascanning. Patients with visceral metastases were
excluded from this series. In contrast, augmented splenic uptake was noted in only I of 165 patients (0.6%)
with various carcinomas (P<.01). Recurrence rate by life table analysis was higher for the patients with
augmented splenic uptake than for those patients with normal scans (Method of Gehan-P<.01). Age was
not a factor. Further life table analysis demonstrated that the difference in survival resulted from a lower
recurrence rate in females with normal scans (P<.05). The recurrence rates for males with either scan type or
females with augmented uptake were similar. Scan status may become another prognostic parameter in the
selection of high risk groups for potential adjuvant therapies.
Changes in Expression of Surface Antigens on Cultured Human Melanoma Cells. C. 130
Sorg, J. Brtuggen, Edelgard Seibert, E. Macher. Universitats-Hautklinik, Munster,
Germany
Established melanoma cell lines were cultured for one passage number in different lots of fetal and new
born calf serum and then tested against a panel of antisera. The cells showed varying degrees of reactivity
ranging from positive to negative reactions depending on the supplementing serum in the culture medium.
When standardized culture conditions were used and the cells were tested at several weeks intervals against
panels of antisera from melanoma patients, from tumor patients other than melanoma, from pregnant
women, and from normal donors, most ofthe sera reacted identical, but some sera changed froma negative to
a positive reaction and vice versa, indicating a shift in the antigen spectrum on the cells. When single cell
clones from a cell line were isolated and tested against a panel of antisera, striking differences in reactivity
were observed suggesting that the shift was due to the outgrowth of dominating subclones with antigen
patterns different from the previously dominating subclones. This conclusion was further supported by
experiments in which a weakly positive reacting serum wasemployed to separate a cell line into positively and
negatively reacting sublines. Unit gravity sedimentation and density gradient sedimentation were used in
order to separate rosetted from nonrosetted tumor cells which had been prepared byimmune adherence. It is
concluded that cultured cell lines are in a dynamic state and that differentiation is one of the major
mechanisms for a change in antigen expression. 131
Detection of Major Histocompatability Antigens on Guinea Pig Epidermal Langer-
hans Cells (LC). G. Stingl, S.I. Katz, E.M. Shevach, I. Green. National Institutes of
Health, Bethesda, MD
Several studies have indicated that epidermal LC may play a role inantigen processing and, inthis respect,
fulfil macrophage-like functions. This was further supported by the recent finding that LC bear cell surface
marker characteristics similar to macrophages i.e., Fc and C3 receptors but lack E receptors, IgM receptorsXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
and S-Ig. Macrophages play a critical role in the mechanism ofantigen recognition by T cells. In the guinea
pig the interaction of antigen pulsed macrophages with T lymphocytes is mediated by the Ia antigens ofthe
major histocompatibility complex. In this study, we investigated whether I region products are alsoexpressed
on LC. All studies were performed with inbred strain 2 and strain 13 guinea pigs which both share B region
antigens (equivalent to human HLA-A,B,C) and differ only in their Ia antigens. Specific anti-Ia antisera can
thus be obtained by cross immunization ofboth strains. LC were identified by Fc rosette formation. Usingan
indirect-IF procedure employing fluorescein labelled protein A we initially observed that a small subpopula-
tion of isolated strain 2 epidermal cells reacted only with an anti-strain 2 antiserum, but not with an anti-
strain 13 antiserum or normal guinea pig serum. In contrast, a subpopulation of strain 13-epidermal cells
stained only with an anti-stain 13 antiserum, but not with an anti-strain 2 antiserum or normal guinea pig
serum. Combining the rosette assay with the indirect IF test, we found that onlythe rosetted cellsfluoresced,
indicating that LC bear Ia antigens. However, all epidermal cells readily stained when reacted with an anti-B
antiserum. We may, therefore, conclude that B region antigens occur on all epidermal cells, whereas Ia
antigens are restricted to LC.
132 Differentiation and Melanogenesis of Precursor Melanocytes in Telogen and Early
Anagen Hair Follicles. S. Sugiyama, K. Jimbow, T. Uesugi, A. Kukita. Sapporo
Medical College and Tokyo Univ., Tokyo, Japan
Melanocytes (MC) in hair follicles (HF) provide a model in studies for the differentiation of MCs and the
development of the melanosomes (MS) in normal tissues. Our study concerns the ultrastructural and
cytochemical characterization of the nature of melanogenesis (MG) and of precursor or reservoir MCs in
telogen (TG) and early anagen (AG) HFs in C57BL mice. We found the HF in TG contained a few of MCs,
4-5 of MCs in each HF, that still survived during the programmed death ofMCs duringcatagen. These MCs
were poorly engaged in MG. They possessed only a few immature and incompletely melanized MSs. Inearly
AG, however, MCs with the same ultrastructural characteristics were found. As a new AG begins, these MCs
differentiated to form new MSs. In MCs ofearly AG, the outer membranes ofMSs were often seen in a direct
continuity with the tubular structure connected to distal, agranular portions of rough ER, where amorphous
materials and lamellae with regular striation were accumulated. After AG III, the MCs were frequently found
under division. They contained the MSs in various stages of development and DOPA-positive Golgi
complexes. Thus, our study indicates that (a) MCs surviving in TG are the precursor MCs in the next AG
hair, (b) MCs in TG are still engaged in MG though only a few poorly melanized MSs are formed, (c) these
MCs differentiate to an active synthesis of MSs in new AG I and II, and then divide, and (d) structural units
of MSs in these stages are formed in distal, agranular portions ofrough ER to which tyrosinase istransferred
via Golgi complex by coated vesicles.
133 Identification of Melanin in Tissues. Harold M. Swartz, Tadeusz Sarna, James S.
Hyde. Medical College of Wisconsin, Milwaukee, WI
A new technique has been developed to identify melanin in biological materials using electron spin
resonance spectroscopy. By testing an unknown sample against a series of melanin-specific ESR characteris-
tics, melanin in very small quantities can be identified in tissues. With further refinement, it may be possible to
use small variations in the ESR properties of melanin to determine if melanins associated with various
pathological conditions are different from melanin found in normal skin. The technique has been helpful in
the differential diagnosis of some cancers. Some malignant melanins do not have readily observable pigment
(and are therefore termed "amelanotic melanomas"). By ESR we have demonstrated detectable amounts of
melanin in such tumors. In another application, the nature ofthe pigment seen in the liver of patients with a
congenital liverdisease, the Dubin-Johnson syndrome, was studied. Inthe Dubin-Johnson syndrome we have
shown that the pigment is not melanin and have been able to make some suggestions on its origin. Usingthis
method, studies are now in progress to determine ifthe melanin found in the dark spots (cafe au lait spots) of
the skin and associated with certain central nervous system disorders is different from normai melanin. This
has been suggested as part of a hypothesis on the origin of these disorders.
134 The Retinal Pigment Cell as a Model in Melanocyte Biology: Effect of UVL,
Prostaglandins, and 5-Bromodeoxyuridine on Growth and Differentiation in Vitro.
G. Szabo. Harvard School of Dental Medicine, Boston, MA
Retinal pigment cell cultures provide an excellent model for the study of growth and differentiative
processes in melanin-producing cells. Chick embryo retinal pigment epithelium (CERPE) is readily available
and easily separated and isolated to provide pure cultures of normal, non-neoplastic melanin-synthesizing
cells. CERPE is obtained from 8-day old embryos and grown as monolayer cell cultures in Puck's N-16 withXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
IO% fetal calf serum and 1% embryo extract, in 5% CO2 in air at 37°C, and kept up to 16days, at which time
DNA, melanin, and tyrosinase activity were assayed. Selected cultures were grown in medium containing
prostaglandins El or E2; or 5-bromodeoxyuridine (BrdU); or irradiated with ultraviolet light (UVL, 290-320
nm), daily doses ranging from 103 to 106 ergs/cm2. UVL produced a corresponding range ofeffects, from no
measurable change in DNA and melanin synthesis, to rapid cell death. However, no stimulation of
melanogenesis was noted. The failure of UVL to elicit a melanogenic response directly on cultured pigment
cells was also found by Kitano and Hu ('69 J. Inv. Derm. 52:25) in cultured melanoma cells. PGs, however,
markedly stimulate melanogenesis in cultured CERPE cells. PGE, (0.6 ug/ml) produced a 125% increase over
controls in accumulated melanin in 16-day cultures. PGE2 also increased melanogenesis (by 48%), but in all
trials to a lesser degree than PGE,. 10-6M BrdU produced dedifferentiative effects, inhibiting melanin
synthesis and tyrosinase activity and stimulating growth and DNA synthesis. 10-5M BrdU inhibited both
melanin and DNA synthesis. Ten-fold higher concentrations of deoxythymidine competitively inhibit and
reverse the effects of BrdU. Electron microscopic observations of cultured CERPE cells will be presented,
including UVL-, prostaglandin-, and BrdU-treated cultures.
Giant Dopa-Positive Melanocytes (Macromelanocytes) in the Hypomelanotic Ma- 135
cules of Patients with Malignant Melanoma. M. Takahashi, A.J. Sober, T.B. Fitzpa-
trick. Harvard Medical School, Boston, MA
Vitiligo-like hypomelanotic areas on the cutaneous surface of patients with melanoma is a striking clinical
phenomenon which is occasionally observed.
The hypomelanosis may occur about the tumor or at distant sites. Although recent ultrastructural studies
have postulated melanocytic disturbance similar to vitiligo occurring in these patients, the mechanism of
hypopigmentation remains unsettled. This report is based on three patients with malignant melanoma in
whom hypopigmentation clinically consistent with vitiligo had developed. Histochemical and electron
microscopic (EM) examinations of normal and hypomelanotic areas were compared. In split-dopa prepara-
tions, dopa-positive giant melanocytes which we termed "macromelanocytes" (3X normal melanocytes) were
scattered in the hypomelanotic epidermis. These cells were markedly diminished in number (approximately
one-third) from normal preparations. EM studies revealed lack of production of melanosomes in the giant
melanocytes. Cytoplasmic organelles included well-developed ER, swollen mitochondria and many small
vesicles, some of which contained moderately electron-dense particles and a few myelin-like structures. The
Golgi apparatus was virtually absent. Since mature melanosomes are not produced, these giant melanocytes
appear to be underactive inspite ofactive tyrosinase. The mechanism oftheformation ofthese melanocytes is
not clear at this time.
Formation of Macromelanosomes in Melanocytic Nevi. M. Takahashi, T.B. Fitzpa- 136
trick. Harvard Medical School, Boston, MA
The presence of macromelanosomes (MMs) (3.5-5.0,u) significantly larger than normal melanosomes (0.7
X0.3A) was previously demonstrated in electron microscopic studies ofcafe au lait spots ofneurofibromatosis
and nevus spilus. The mode offormation ofthis uniquely large, spherical melanosomes remains unknown. It
appears that nevus cells as an experimental model could provide a biogenic mechanism for the formation of
these abnormal melanosomes (MMs). In the present study, biopsies from 3 Caucasoid patients with com-
pound nevus and 2 Caucasoid with junctional nevus were obtained and examined with histochemical and
electron microscopic techniques. Various types of MMs were observed not only in the nevus cells but also in
the epidermal melanocytes and keratinocytes. In the nevus cells, melanosome complexes (an aggregation of
several melanosomes with limiting membrane) appear to fuse together to form a phagosome or a com-
pounded aggregate of melanosome complexes. The melanosomes appear to disintegrate due to the presence
of hydrolytic activity which can be experimentally demonstrated in these complexes. The fragments of
electron dense melanosomes were also spen suggesting the disintegration of melanosomes, thus leaving the
non-degradable, particulate matter of melanoproteins. These dark particulate matter resembling "melanin
dust" appeared to coalesce and eventually give rise to a highly electron-dense amorphous material characteris-
tic of macromelanosomes. Thus, macromelanosomes formed in melanocytic nevi appear to represent the
melanoprotein particulate matter derived from the degradation of melanosomes and the fusion of melano-
some complexes.
Studies on the Structure of Melanins Using Synchrotron Radiation. Y.T. Thatha- 137
chari. Univ. of California, San Francisco, CA
The first serious attempts to studythe spatial structure ofmelanins were made by ourgroups and the results
were presented by me in the Pigment Cell Conferences held in 1969, 1972 and 1975. Our systematic andXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
extensive studies on a large number of natural and synthetic melanins showed the presence of a short range
order in their spatial structure. Significantly greater information on the melanin structure is now possible with
the availability of the intense and tunable source of radiation-the Stanford SPEAR storage ring-referred
to as synchrotron radiation. We have already completed a number of preliminary experiments and the results
are very encouraging. The synchrotron radiation, used with the recently developed position sensitive detector,
greatly enhances the speed of the experiments. Much smaller quantities of melanins can now provide good
diffraction data-an advantage in the study of scarce materials, e.g., neuromelanin. The tunability of the
radiation offers an even greater advantage, opening up new approaches that were till now impractical. It is
now possible to study melanin structure by focusing on the environments of the heavy atoms present eithr
naturally (e.g., copper) or introduced by chemical treatment (e.g., iodine in iodoquine which melanin binds).
Two complementary approaches are: (a) the study of the oscillations of the absorption curves near the edge;
and (b) the study of the changes in the diffraction data at energies close to the absorption edges of the heavy
atoms. In the preliminary work we studied melanins from human hair and melanoma and a soluble melanin.
The heavy atom we studied was copper. We are continuing our experiments on other melanins and other
heavy atoms.
138 Effect of UVA Irradiation on Epidermal Pigment Darkening. K. Toda, S. Shono.
Tokyo Teishin Hospital, Tokyo, Japan
The distribution pattern of melanosomes in keratinocytes is influenced by environmental factors such as
UVB or UVA and psoralen and is related to skin color.
Multiple forms of tyrosinases are present in crude extracts of the epidermis. They are composed of two
soluble tyrosinases (Tl and T2) and an insoluble, membrane-bound one (T3). T2 is the precursor of T3 and
T1 and a tyrosinase in the process of being synthesized. The presence of T2, therefore, suggests that an active
synthesis of tyrosinase is taking place. The purpose of this study is to investigate the photobiologic effects of
UVA irradiation on the human epidermis and epidermal melanocytes grown in the monolayer cell culture
system, especially on tyrosinase activity and melanosomes in the keratinocytes.
UVA irradiation easily darkens the epidermis of females with melasma. This darkening reaction is caused
by an increase in melanosomes, not in size but in number within keratinocytes and by a raised level of
tyrosinase activity within melanocytes. Both in human epidermis and in cultured melanocytes irradiated by
UVA, total tyrosinase activity increases; T3 and Ti are present and T2 becomes clearly demonstrable. In the
control, an increase in total tyrosinase activity, however, can be determined and T2 is weakly demonstrable.
These suggest that melanin synthesis can occur in the melanocytes irradiated by UVA.
139 The Periodic Albino Mutant of Xenopus laevis. Robert Tompkins, Maureen Burke,
Richard Knight. Tulane Univ., New Orleans, LA
The recessive mutant, periodic albino (aP), causes a delay in the development of smaller than normal
melanophores in Xenopus laevis larvae. These melanophores disappear around metamorphosis; the adult is
almost devoid of melanin pigment.
Grafting analysis has shown that the a"/a' condition affects the melanophores and the skin but not the
hormonal control of melanophore differentiation. Normal melanoblasts grafted in a"/a" embryos develop at
the normal time and persist after metamorphosis, demonstrating an effect upon the melanophore. Normal
melanophores in a"/a' embryos or in a"/a" skin on normal animals remain abnormally small demonstrating
an effect upon the albino skin environment ofthe normal melanophores. Reciprocal head transplantation and
parabiosis between a"/af and normal embryos demonstrates the lack of any hormonal effect since each
embryo or part of embryo develops pigmentation characteristic of its genotype. Normal neural crest grafts in
a'/a" tissue show a hypertrophy ofiridiophores after metamorphosis suggesting an effect ofa" onthis pigment
cell type as well.
a"/a' larvae and adults and their eggs have normal or higher than normal tyrosinase activity with normal
electrophoretic characteristics. Although the eggs ofa"/a" females lack premelanosomes their a"/+ offspring
develop normal melanophores at the normal time. The absence ofa maternal effect suggests that the normal
allele of the periodic albino begins to function by the time of normal melanophore development.
140. MSH Stimulation of Nuclear Envelope Blebbing: The Involvement of Actinlike
Filaments. W.A. Turner Jr., J.D. Taylor, T.T. Tchen. Wayne State, Detroit, MI
In vivo and in vitro hormonal stimulation (MSH) ofdermal melanophores from the leaffrog, Agalychnis
dachnicolor, induces heterochromatin dispersion and the evolution ofdilated rough endoplasmic reticulum;
the latter arising from blebbing of the outer membrane of the nuclear envelope. The rough endoplasmic
reticulum may give rise to the pigment granules. In vitro, c-AMP mimics the effects ofMSH. MicrofilamentsXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
are found parallel and perpendicular to the nuclear envelope as well as between pigment granules and below
the plasma membrane. They bind with heavy meromyosin and those nearthe nucleus appear to be involved in
the blebbing process. In the presence of MSH or c-AMP, cytochalasin B causes the disappearance of the
majority of microfilaments resulting in an inhibition of blebbing and pigment dispersion; actinomysin D
inhibits pigment dispersion, heterochromatin dispersion and blebbing; while puromysin does not affect
pigment dispersion, enhances heterochromatin dispersion and appears to accelerate the blebbing resulting in
the breakdown of the nuclear envelope.
New Melanogenesis and Precursor Cell of Melanocyte After UV Irradiation. T. 141
Uesugi, M. Katoh, K. Jimbow, S. Sugiyama, T. Horikoshi, 0. Oikawa, Y. Takeda,
C. Nishio. Sapporo Medical College, Sapporo, Japan
Biologic processes of new melanogenesis (MG) after UV irradiation still remain unsolved. Our study is to
characterize new MG and the precursor cells (PC) ofmelanocytes (MC) in the UV-exposed, mouse skin where
none of the functioning MCs are present before irradiation. Epilated skin of C57BL mice was daily exposed
to UV-A (X=315-400 nm+ 6.12J\Cm2/day) for 14 days. The exposure was done on the dorsal region where hair
follicles are abundant but sweat ducts are absent and on the plantar region where none ofthese appendages
are present. Our histochemistry showed that (a) at day 3 ofexposure new MCs start to appear on the plantar
and dorsal regions and (b) their number increases exponentially from day 5 to 10. Combination of DOPA
histochemistry and H3-thymidine-autoradiography revealed that MCs in the S phase of mitosis vs total
number of functioning MCs are null at day 3, 2.14% at day 5 and 1.67% at day 7. Electron microscopy
revealed that four types of dendritic cells are present in mouse epidermis before and after irradiation; (i)
Langerhans cells, (ii) cells with dense cored granules, probably monocytic inflammatory cells, (iii)functioning
MCs with melanosomes (MS), and (iv) cells of unknown nature with intermediate filaments (100-A in
diameter) seen in MCs. Specimens biopsied serially from day 0to 5 suggested that the fourth cells are the PCs
of functioning MCs, which, at first, do not contain any specific organelles except 100-A filaments, but, later
on from day 3, are activated to form new MSs. The melanogeneic cells in mitosis are all associated with
DOPA-positive Golgi complexes and MSs in various stages of melanization. Thus it is likely that new MG
after UV exposure initiates from an activation of PCs ofepidermal MCs, which, at first, are engaged in MG
and then divide.
The Role of Calcium in Hormonally Controlled Pigment Migration in Xenopus 142
laevis. F.C.G. van de Veerdonk, R.A.A. Worm, R. Seldenrijk, Astrid M.A. Heussen.
State University of Utrecht, Utrecht, The Netherlands
The indispensibility of Ca" for the MSH-induced dispersion reaction in the melanophores of Xenopus
laevis was confirmed. The present study was undertaken to clarifythe direction ofthe calciumfluxduring the
MSH-induced dispersion reaction. Three differcnt approaches were made in in vitro experiments in which
pieces of excised webs of the hindlegs of Xenopus laevis were used as test objects.
(1) Pharmaca which are known to block specifically a calcium influx (Verapamil or D-600) inhibit
completely the MSH-induced dispersion of the melanosomes.
(2) The ionophore A 23187 which is known to cause a calcium influx from the incubation medium, is able
to initiate a dispersion reaction without any hormonal intervention.
(3) Preloading of a piece of skin with 4'Ca++ and subsequent transfer into a medium containing non-
radioactive Ca", results in an efflux of radiocalcium which is lower when MSH is present in the incubation
medium.
The results of the three different approaches all point to a calcium influx during the MSH-induced
dispersion reaction. Possible implications ofthe calcium influx on the wayin which melanosome movements
may be controlled in Xenopus, are discussed.
MSH- and cAMP-Induced Melanization Is Associated with Two Different Phases of 143
the Cell Cycle in Murine Melanoma Cells. J.M. Varga. Yale Univ., New Haven, CT
MSH binds to receptors on the surface ofmelanoma cells and activatesadenylate cyclase and tyrosinase in
the G-2 phase ofthe cell cycle. However, exogenous dibutyryl cAMP(B2cAMP) can stimulate tyrosinase not
only in G-2 cells, but also in thepredominant G-l population (Varga et al, PNAS 71, 1590(1974)). In orderto
study the cell cycle dependence ofthe final step ofmelanogenesis (melanization ofpre-melanosomes), DNA
content ofFeulgen-stained nuclei ofindividual Cloudman melanomacells was measured by microfluorimetry
and simultaneously, in each cell, melanin content was determined by microphotometry. The results ofthese
experiments suggest that MSH -and B2cAMP-induced melanization are associated predominantly with theXTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
G-2 and G-l phase ofthe cell cycle, respectively. Cells induced to melanize byeither ofthese agents stay in the
same phase ofthe cell cycle in which the inductive signal was received until the whole process ofmelanization
is completed. A model is proposed for the modulation ofmelanogenesis by growth controls which incorpor-
ates two different pathways for induced melanization: One is mediated by MSH receptors and is responsible
for melanization primarily in the G-2 phase, while the major product ofthe other pathway (not controlled by
MSH) is a melanized G-l cell population.
144 Electrophoretic Study of Tyrosinases from Mammalian Choroid and Ciliary Pro-
cesses. C. Voulot, J.P. Ortonne. I.N.S.A. and Hopital E. Herriot, Lyon, France
A comparative electrophoretic study of Tyrosinases from the Choroid and Ciliary Processes, has been
carried out in seven species of mammals. Soluble and detergent solubilised Tyrosinases were considered,
Tyrosinases and peroxidases were detected respectively on the gels by DOPA and benzidine reactions.
Molecular weights were estimated by gradient gel electrophoresis; and isoelectric points by means of
electrofocusing. Elution from disc gel sections gave tyrosinase extracts free ofperoxydase. Tyrosinase activity
was measured photometrically by melanin produced in a 0.1 mM DOPA + 2 mM tyrosine medium.
Incubation in 0.1 mM DOPA was considered as a control. The peroxidase action was tested by adding an
excess of catalase to the medium.
In each mammalian species investigated, a single molecular form of ocular tyrosinase was found. Such
tyrosinases were present in pigmented strains and lacking in albino strains. Electrophoretic mobilities were
fast (bromophenol blue R(x) = 0.60-0.80). Molecular weights were close to the bovine serum albumin
standard (67.000). Melanin synthesis has been obtained from L-tyrosine as substrate, without peroxidase
involvement.
145 The Regulation of Tyrosinase Activity in Human Melanoma Cell Lines. H.M.
Warrick, R.S. Kucherlapati. Princeton Univ., Princeton, NJ
Eight human and two mouse melanoma lines, obtained from five different sources, were tested for their
expression of tyrosinase (E.C.1.10.3.1, o-diphenol: oxygen oxidoreductase) activity, growth characteristics
and other phenotypes in culture. The doubling times ofthe cells varied from 16-36 hours. Eight ofthe lines
were found to be anchorage independent as determined by their ability to form colonies in methylcellulose.
The specific activity oftyrosinase wasdetermined from extracts derived from cells grown under a variety of
conditions by a method described by Pomerantz(Jour. Biol. Chem. 241: 161-167, 1966). The levels ofenzyme
activity in the mouse cell lines was 2,000-8,000cpm/mgoftotal cellular protein. Cells instationary phase had
increased levels of this enzyme (54,000 cpm/mg protein). The enzyme activities in human lines ranged from
12,000-178,000 cpm/mg protein and varied during different phases ofthe culture cycle. We have studied the
effects ofporcine MSH anddibutyryl cAMP(db cAMP) on the levels oftyrosinase activity. One ofthe mouse
lines, Cloudman S9I-M3 responded byexhibiting a 20X increase intyrosinase activities when treated with 100
nM of MSH; 1 mM dbcAMP resulted in a 37X increase. Under comparable conditions four of six human
lines tested exhibited a 1.4-7.7X increase. The kinetic parameters ofinduction ofthe various cell linesvaried.
The variation in tyrosinase generally reflected the level ofpigment in the cell pellet from which extracts were
prepared. These results indicate that study oftyrosinase levels and its regulation could serve as a useful tool in
elucidating mechanisms of melanin production in mammalian tissue culture lines.
146 Control of Annual Pelage Color Cycles. Brian Weatherhead, Ann Logan. Univ. of
Birmingham, Birmingham, England
In our studies ofthe neuroendocrine factors which regulate pelage colorcycles we use the Siberian hamster,
Phodopus sungorus which is white in winter and brown/black in summer. Observations through the year
show peaks oftyrosinase activity in hair follicle homogenates not onlyduringthe spring molt but alsoduring
the autumn molt when the animals are growing a white coat. This suggests that in autumn the processes of
tyrosinase activation, pigment production and/or pigment donation may be dissociated and therefore
separately controlled.
In order to evaluate this possibility we have developed a simple culture system which allows small strips of
skin to be kept in vitro for up to threedaysduringwhich time various parameters ofthe pigmentation process
can be measured. The system will also allow us to determine whether the presence or absence of hormone
receptors on the melanocyte at different stages ofits cell cycle is a salient feature ofthe pigmentation process
as has recently been demonstrated for melanoma cells. It is becomingclearthat an important aspect ofannual
pelage color cycles is the degree ofsynchronization offollicle growth cycles and melanocyte cell cycles at the
time of the spring and autumn molts.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
Pigment Transport and Changes in Cell Shape in Sea Urchin Chromatophores. W. 147
Weber, H. Gras. Univ. Cologne, Germany
The chromatophores of the sea urchin Centrostephanus longispinus are light-sensitive, showing drastic
alterations in cell shape on changes ofillumination. In darkness the chromatophores contract and concentrate
their pigment granules. In light, the cells expand and disperse the pigment into extensive cell processes. Small
fragments, even those without a nucleus, react in a similar manner.
As shown by time lapse cinematography of isolated cells the pigment movement within the cellular
processes can be bidirectional and discontinuous in space and time. These characteristics fulfill important
criteria for saltatory movement.
Transmission and scanning electron micrographs are presented to demonstrate light-induced changes in the
surface and the ultrastructure of the chromatophores. Dispersion is attained by an extreme flattening ofthe
cell body and expansion of cellular processes, accompanied by incorporation of vesicles into the cell
membrane.
Microtubules capable of functioning as a cytoskeleton are found within the processes of the chromato-
phores. Cytoplasmic filaments are abundant within the cytosome and the processes. Indirect immunofluores-
cence reveals the presence of actin and myosin within the cell.
Immunization against B16 Melanoma with Membranes from Bromodeoxyuridine- 148
Grown Cells. S.B. Weintraub, S. Silagi. Cornell Univ. Med. Coll., New York, NY
Subcellular fractions enriched in plasma membranes, prepared from melanoma cells (clone C347 1) continu-
ously cultured with 5-bromodeoxyuridine (BrdU), immunize a significant number of C57BL/6 mice against
tumors caused by the untreated B16 melanoma, clone Bs59. Nontumorigenic clone C3471 was derived from
Bs59 after growth in 1 jg/ml BrdU. Data from 5 experiments show that by day 21 post-challenge (pc), tumors
developed in 10/59 mice immunized with a crude membrane fraction prepared by nitrogen cavitation, as
compared with 24/25 unimmunized controls (mean latent period [MLP] -13.6 3.6). On day 50 pc 32/59
immunized mice had tumors (MLP -25.8 9.4), with 43/59 immunized and 1/25 control mice remaining
alive. Peritoneal exudate (PE) and spleen cells removed from tumor-free immunized mice in the foregoing
experiments were mixed with a tumorigenic dose of Bs59 cells and inoculated into virgin mice in a Winn
assay. On day 64 pc, 13/25 remained tumor-free and 23/25 were alive. Control mice, receiving non-immune
PE or spleen cells mixed with equal numbers of B559 cells, all had tumors by day 26 and died by day 54. 11/18
mice immunized with plasma membrane vesicles prepared from C3471 cells by the method of Scott (Science
194:743,1976) were protected against tumors by day 39 after challenge with B559 cells. Unimmunized controls
(6/6) had tumors by day 13 pc. Thus, plasma membranes from BrdU-treated cells prepared by 2 different
methods are capable of immunizing a high percentage of mice against a syngeneic melanoma of spontaneous
origin.
Pigment Cell Group Behavior-An Induction Phenomenon. I.W. Whimster. St. 149
Thomas' Hospital, London, England
It has been suggested (Whimster 1971) that the groups of large and small pigment cells responsible for the
spotted cutaneous patterns of lower vertebrates are not clones of inherently differing cell types but groups of
initially ambivalent cells, variously differentiated by a site-specific inductor extrinsic to the skin. The further
findings now presented seem to prove this conclusively. The reptiles used are of a species lacking a spotted
pattern at the time of hatching but developing one in subsequent months. It will be shown that: (1) Adult
spots develop by gradual transition of groups of neonatally small pigment cells into large ones and vice versa;
not by the replacement ofone cell population by another. (2) Excised adult spots regenerate by the conversion
of previously small pigment cells into large ones. (3) When full thickness neonatal (i.e., unspotted) skin is
excised, rotated 1800 and replaced as an autograft in the same wound, spots (i.e., groups of large pigment
cells) subsequently develop, straddling the margins between graft and adjacent skin. Such cell groups, being
composed of cells derived from widely separate parts of the body, cannot be interpreted as clones. (4)
Similarly spots develop straddling the margins of skin homografts exchanged between unspotted neonatal
siblings. Although the pigment cells concerned, and the skin tissues they occupy, are chimeras they behave as
integrated cell groups. Such behavior cannot be attributed to qualities inherent in the pigment cells them-
selves nor in any of the intrinsic skin tissues amongst which they live.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
150 Tyrosinase Maturation Induced by Theophylline Treatment in B16 Melanoma Cells.
Roger White, Funan Hu. Oregon Regional Primate Research Center, Beaverton, OR
Soluble tyrosinase of B16 murine melanoma occurs in at least two electrophoretically separable forms
(isozymes) designated T' and T2 (Burnett, Seiler, and Brown, 1967). We have studied these isozymes in
polyacrylamide gels both by the dopa reaction and by the Pomerantz radioassay of individual gel slices. In
soluble fractions from highly pigmented B16 tumors, we found that activity in the T' band was about 3 times
that in the T' band; this is true for several lines maintained in this laboratory. Cells cultured from such tumors
were less pigmented than tumor cells, their total soluble tyrosinase activity was much reduced, and 70%0 ofthe
soluble activity was present in the T' band. Theophylline treatment, which induces increased pigmentation
and tyrosinase activity in cultured cells, also caused a shift back toward the isozyme pattern characteristic of
pigmented tumors, with the T' band containing 55% of the soluble activity. Only a slight increase in
tyrosinase activity was detected after 24 hrs in the presence of theophylline, with a much greater increase
observed by 72 hrs. The T' isozyme, however, was apparently already predominant by 24 hrs. Furtherdetails
of the time course ofthese changes will be discussed with respect to tyrosinase maturation and expression of
pigmentation.
151 Approaches to the Selective Chemotherapy of Melanoma. Michael M. Wick, Har-
vard Medical School, Boston, MA
Melanoma cells possess a special biochemical pathway for the conversion of L-dopa to the biopigment
melanin. We report the highly selective incorporation ofexogenous L-dopa in vitro by pigmented murine (S-
91A) and human melanoma cells as compared to the following non-pigmented control cell lines: (1) S-91B, an
amelanotic clone, (2) mouse fibroblast L-929 and (3) Chinese hamster ovary (CHO). Following a 90 minute
exposure ofexponentially growing cells to L-dopa-'H, the relative specific activity ofeach line (dpm/10' cells)
was S-91A (1781), human melanoma (1426), S-91B (225), CHO (92) and L-929 (94). Pretreatment of
melanotic cells with a-MSH ortheophylline resulted in a 56%and 72% increase in incorporation respectively.
Based upon this ability of melanoma cells to incorporate L-dopa, we have examined the effect of a
cytotoxic analog, 6-hydroxydopa, upon the growth ofpigmented cells. Exponentially growing cultures were
exposed to drug and harvested 24, 48 and 72 hours later. Growth inhibition was determined bycomparison to
non-treated controls and expressed as a percentage. IDso values (,ug/ml) were S-91A (2.0), S-91B (26), L-929
(31), and CHO (40). Toxicity to pigmented cells was apparent at each dose level as indicated by cytoplasmic
vacuolization with rounding of cells and correlated with the extent of L-dopa incorporation.
Since 6-hydroxydopa could be used in conjunction with conventional chemotherapeutic agents, we are
currently investigating both mechanisms of action and in vivo antitumor effects.
152 The Regulatory Role of Nuclear Nonhistone Proteins on Transcription of DNA in
Mouse Melanoma Cells. Muriel A. Wikswo, Joseph McGuire. Yale Univ., New
Haven, CT and CMDNJ-NJ, Medical Sch., Newark, NJ
We examined the influence of nuclear nonhistone proteins (NHP) obtained from cultured melanoma cells
(NCTC 3960, CCL 53) on the transcription of DNA. Histones and four NHP fractions were extracted from
isolated nuclei and their ability to bind to homologous melanoma DNA was determined. Gradient dialysis
was used to reassociate each protein fraction with 'H-labeled DNA. The degree ofreassociation measured by
a membrane filter technique showed differences between the affinities of the various protein fractions for
DNA. Histones (5 jAg reassociated with I jAg DNA) bound 52.6% ofthe DNA; NHP1 (5:1) bound 56%; NHP2
(50:1) bound 2.4%; NHP3 (20:1) bound 52% and NHP4 (30:1) bound 50%. Each of the 5 proteins when
associated with DNA fractions differentially influenced the rate of transcription. When examined on 4%
polyacrylamide gels, the RNA transcribed from DNA complexed with NHP, as template was similar to that
using stripped DNA. RNA of 16s or smaller was synthesized from a DNA-NHP3 template, and 5-8s and 28s
RNA was synthesized from a DNA-NHP3 template. Histones in combination with NHP,, when complexed to
DNA, markedly enhanced the effect ofNHPI. These observations: (1) high affinity for homologous DNA, (2)
differential effect on both the rate and products oftranscription, support a regulatory role for NHP in mouse
melanoma cells.XTH INTERNATIONAL PIGMENT CELL CONFERENCE ABSTRACTS
Functional Analysis of the Blue Mutation Utilizing Chick Melanocyte Heterokary- 153
ons. Leon M. Wilkins, John A. Brumbaugh. Univ. of Nebraska, Lincoln, NE
Blue (Bi/BO) is a dominant pigment mutant which is weakly dopa oxidase positive. Two other mutants,
recessive white (c/c) and pinkeye (pk/pk), are dopa oxidase negative and positive, respectively. When
examined by electron microscopy, blue melanocytes had very large, irregular, and incompletely melanized
melanosomes while no melanin deposition was observed in recessive white or pinkeye. In culture, chick
embryo melanocytes of the blue genotype varied from unpigmented to moderately pigmented, but with
abnormally large granules.
Heterokaryons were formed between blue and recessive white, and between blue and pinkeye cells. Five day
cultures of the appropriate genotypes were harvested, co-cultured for 24 hours, and then fused with
inactivated Sendai virus. One genotype in each experiment was labeled with 3H-thymidine prior to fusion.
Blue homokaryons were similarly produced and the reversion rate for multinucleates determined as 5%.
Thirty-one percent of all heterokaryons of blue and recessive white produced normal pigment, while only 2%
of blue-pinkeye heterokaryons had normal pigment. In the blue-recessive white fusion, 75% ofthe observed
heavily pigmented multinucleated cells proved to be heterokaryons while only 14% ofsuch cells were found to
be heterokaryons in the blue-pinkeye fusion.
Blue and recessive white complement as heterokaryons, while blue and pinkeye do not. Apparently, blue
and recessive white affect different aspects of melanogenesis. Conversely, blue and pinkeye appear to affect a
similar function. Thus blue could control the pinkeye locus and possibly other loci of similar function,
although a structural model for blue cannot be discarded.
Selectivity and Effects of Depigmentation by 4-Methyl-Catechol on Malignant 154
Melanoma Cells. W. Wohlrab, R.P. Zaumseil. Univ. of Halle, German Democratic
Republic
During the depigmentation of the skin with 4-methyl-catechol (MC) and monoethyl ether ofhydroquinone
the number of tyrosinase-positive melanocytes decreases in the specimens, at least melanocytes are not
detectable by means ofelectron microscopy. Based on biometrical and autoradiographical findings no change
in the keratinocytes in the depigmented area are observed. This selectivity ofactions of MC can be established
in in vitro cultures of epidermal cells and melanoma cells by means of measuring the DNA synthesis with a
liquid scintillation counter. Using enzymological findings, the point of this selective action can be seen in the
capacity of melanocytes to synthetize melanin. Further investigations demonstrate possibilities for utilization
ofthese substances for therapeutic purposes: I. The topical use in dermatoses with pigment disturbances. 2. In
malignant melanoma as MC-glucuronide (as transport form). 3. In malignant melanoma combined with a
cytostatic drug.
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ium. Joel Zimmerman. Tufts University, Boston, MA
Melanosomes have been isolated from retinal pigment epithelium of 6 day incubated white Leghorn chick
embryos. The technique used involves homogenization of the cells with non-ionic detergent, separation
through filtration and finally sedimentation through dense sucrose. Special care is taken to remove nuclei and
chromatin, the primary contaminants, by a brief SDS treatment, incubation with DNAase and a high salt
wash. The proteins from the final pellet, containing clean melanosomes, are then solubilized using either SDS
at high pH (9.5) and temperature (60°C) or 8M urea-SDS at neutral pH and moderate temperature (370C).
Low molecular weight proteins are separated on acrylamide gradient gels (4-30%0) with SDS. Two primary
low molecular weight protein bands are observed. High molecular weight proteins are separated using stacked
SDS-urea acrylamide gels (5 and 13%). Two high molecular weight protein bands are observed in this system.
Thus, four protein bands are clearly resolved with several additional faint bands being noted in the gradient
gels. It is possible that the smaller ofthe two high molecular weight proteins is in fact a triplet faintly observed
in the gradient gels.
These results indicate that the protein structure of melanosomes is resolvable with current biochemical
techniques and that the melanosome consists of from four to six major proteins.